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PREFACE 
Since 1979, t h e  Regional Development Task a t  t h e  In te rna-  
t i o n a l  I n s t i t u t e  f o r  Applied Systems Analysis  (IIASA) has  been 
engaged i n  a  case  s tudy  of economic and demographic development, 
land-use, and r e l a t e d  problems i n  t h e  reg ion  of Southwest ~ k A n e  
i n  Sweden. The case  s tudy  i s  t h e  t h i r d  i n  a  series of  a t tempts  
made by t h e  Regional Development Task t o  apply sys tems-ana ly t ica l  
methods t o  r e g i o n a l  p lanning  problems i n  reg ions  wi th  d i f f e r e n t  
economic s t r u c t u r e s ,  resource  endowments,and o r g a n i z a t i o n a l  
s e t t i n g s .  
The r e sea rch  i n  t h e  Swedish case  s tudy  i s  being  c a r r i e d  o u t  
i n  c o l l a b o r a t i o n  wi th  t h e  Southwest ~ k s n e  Municipal Board, a s  a  
p a r t  of t h e i r  ongoing work i n  phys ica l  and p u b l i c  t r a n s p o r t  
planning f o r  t h e  met ropol i tan  reg ion  of  Malmo and i t s  neigh- 
bor ing  m u n i c i p a l i t i e s .  The r e sea rch  i s  p a r t i a l l y  sponsored. by t h e  
Swedish Council f o r  Bui lding Research. 
An i n t e g r a t e d  sys tems-ana ly t ica l  package of models, which 
has been developed wi th in  t h e  Regional Development Task wi th  
t h e  cooperat ion of a  group of  Swedish r e s e a r c h e r s  and p lanne r s ,  
i s  used i n  t h i s  case  s tudy .  I n  t h i s  package, s e p a r a t e  models 
have 'been developed f o r  s o l v i n g  i n t e r r e g i o n a l  economic and 
demographic problems, and i n t r a r e g i o n a l  land-use problems. 
This  C o l l a b o r a t i v e  Paper d e a l s  w i th  t h e  popu la t ion  develop- 
ment o f  Southwest skane and t h e  rest of  Sweden from t h e  1960s up 
u n t i l  t h e  t u r n  of  the cen tu ry .  A new type  of  p r o j e c t i o n  model, 
developed a t  IIASA, i s  hereby used.  This  popu la t ion  model i s  
one i n  t h e  set mentioned above a n 3  h a s  p rev ious ly  been t e s t e d  
on l i m i t e d  d a t a  from Sweden and o t h e r  c o u n t r i e s  (see Andersson 
and Holmberg: Migrat ion and Se t t l emen t .  3: Sweden, RR-80-5, 
IIASA) . 
The c u r r e n t  a p p l i c a t i o n  i s  more e x t e n s i v e .  Ingvar  Holmberg 
of  t h e  Demographic Research Group a t  t h e  U n i v e r s i t y  o f  Gothenburg, 
Sweden, is  r e s p o n s i b l e  f o r  t h e  a d a p t a t i o n  o f  the model t o  
Swedish c o n d i t i o n s  and f o r  t h e  numerical  computat ions .  The re- 
s u l t s  have been e v a l u a t e d  by h e  E. Andersson, Ingvar  Holmberg, 
J6rgen Schul tz ,and  Polke Sn icka r s ,  a l l  o f  whom have c o n t r i b u t e d  
t o  t h i s  po l i cy -o r i en t ed  r e p o r t .  
Hopefully t h i s  work w i l l  f u r t h e r  s t i m u l a t e  t h e  cont inued  
d i s c u s s i o n  about  r e g i o n a l  popula t ion  development i n  Sweden and 
e lsewhere .  
Bor i s  I s s a e v  
Regional  Development Task 
IIASA, Laxenburg 
October 1981 
REGIONAL DEMOGRAPHIC DEVELOPMENT 
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h e  E .  Andersson 
In g v a r  Halmberq 
~ o r g e n  S c h u l t z  
Folke  S n i c k a r s  
1. INTRODUCTION 
A t  t h e  I n t e r n a t i o n a l  I n s t i t u t e  f o r  Appl ied  Systems Ana ly s i s  
(IIASA) Andrei  Rogers and o t h e r s  have developed. a  new t y p e  o f  
p o p u l a t i o n  model. I t  c o n s i d e r s  i n t e r r e g i o n a l  m i g r a t i o n  f l ews  
i n  more d e t a i l  t h a n  most o t h e r  models and may be used f o r  many 
d i f f e r e n t  p u r p o se s ,  such  as a n a l y z i n g  demographic changes  i n  
p a s t  y e a r s  and making p r o j e c t i o n s .  With t h e  h e l p  o f  t h e  model 
it i s  r e l a t i v e l y  e a s y  t o  answer q u e s t i o n s  such a s :  How many 
peop le  w i l l  l i v e  i n  Southwest  ~ k % n e ,  which i s  t h e  a r e a  a d n i n i s t e r e d  
by ~ y d v a s t r a  ~ k % n e s  ~ommunalforbund (SSK)*, i n  Stockholm coun ty ,  
o r  i n  N o r r b o t t en  i n  5 ,  10, o r  15 y e a r s ,  i f  t h e  p r e s e n t  m i g r a t i o n  
p a t t e r n  p e r s i s t s ?  
Th i s  paper  r e p o r t s  on t h e  main f e a t u r e s  o f  Swedish r e g i o n a l  
demographic development between 1960 and 1980 and on s c e n a r i o  
c a l c u l a t i o n s  c o v e r i n g  t h e  p e r i o d  1980-2000, w i t h  s p e c i a l  r e f e r e n c e  
t o  t h e  ~ k % n e  r e g i o n .  
The s c e n a r i o s  have s e v e r a l  common f e a t u r e s .  Each one i s  
based  on t h e  assumpt ion t h a t  a l l  c o u n t i e s  remain a t  t h e  l e v e l  
o f  f e r t i l i t y  and m o r t a l i t y  obse rved  d u r i n g  t h e  p e r i o d  1976-1979. 
However, i n  t h e  s c e n a r i o s  t h e  m i g r a t i o n  p a t t e r n s  va ry  and t h e  
f o l l o w i n g  assumpt ions  have been made: 
* i .e .  t h e  Southwest  Sk2ne Munic ipal  Board. 
Scenar io  1 :  Migrat ion fo l lows  t h e  1968-1969 p a t t e r n ;  
Scenar io  2: Migrat ion fo l lows  t h e  1972-1973 p a t t e r n ;  
Scenar io  3: Migrat ion fo l lows  t h e  1976-1977 p a t t e r n ;  
Scenar io  4:  Migrat ion fo l lows  t h e  1978-1979 p a t t e r n .  
The a l t e r n a t i v e s  r e f l e c t  d i f f e r e n t  r e g i o n a l  mig ra t ion  cou r se s .  
A t  t h e  end of  th.e 1960s the met ropo l i t an  areas grew as a r e s u l t  
of  i nmig ra t ion ,  ou tmig ra t ion  from Norr land,  and a l s o  immigration.  
A t  the beginning of  t h e  1930s, immigration from non-Scandi- 
navian c o u n t r i e s  was r e g u l a t e d  and a t  t h e  same t ime u r b a n i z a t i o n  
s lackened.  S ince  then ,  demographic development i n  s p a r s e l y  popu- 
l a t e d  r eg ions  has  improved, whi le  many r eg ions  t r a d i t i o n a l l y  charac-  
t e r i z e d  by growth have exper2enced s t a g n a t i o n .  Recent ly ,  mig ra t ion  
on t h e  whole has  decreased.  Some r e s u l t s  o f  o u r  c a l c u l a t i o n s  o f  
t h e  f u t u r e  development a r e  p re sen ted  i n  F igu res  1-14 and Tables  
1-14 below. 
Scenar io  1 ,  which i s  based on t h e  1968-1969 mig ra t ion  pa t -  
t e r n ,  shows a s i g n i f i c a n t  r e d i s t r i b u t i o n  o f  t h e  popu la t ion  from 
t h e  ~ o r t h  t o  t h e  South.  A l l  s p a r s e l y  i n h a b i t e d  c o u n t i e s  l o s e  
population.  I n  t h e  South o f  Sweden t h e  c o u n t i e s  main ta in  o r  
i n c r e a s e  t h e i r  popu la t ions  and t h e  me t ropo l i t an  c o u n t i e s  grow 
qu ick ly ,  by approximately  200,000 i n h a b i t a n t s  i n  10 y e a r s .  
I n  Scenar io  2,  a r e p e t i t i o n  o f  t h e  1972-1973 mig ra t ion  
p a t t e r n  l e a d s  t o  a popu la t ion  decrease  i n  Sweden. The Stockholm 
and Gothenburg r e g i o n s  d e c l i n e  s u b s t a n t i a l l y ,  whi le  t h e  Malmo 
reg ion  b a r e l y  main ta ins  a c o n s t a n t  popula t ion .  Most Norrland 
c o u n t i e s  manage t o  avo id  popu la t ion  l o s s .  I n  on ly  t h r e e  o f  t h e  
2 4 , c o u n t i e s  is  growth i n d i c a t e d .  
Scenar ios  3 and 4 ,  which a r e  based on t h e  1976-1977 and 1978- 
1979 migra t ion  p a t t e r n s ,  r e s p e c t i v e l y ,  a r e  a lmost  i d e n t i c a l .  A l l  
c o u n t r i e s  except  f o r  Blekinge main ta in  o r  i n c r e a s e  t h e i r  popula t ion .  
Stockholm i s  one of t h e  expanding c o u n t i e s  i n  which t h e  popu la t ion  
i n c r e a s e s ,  whereas i n  Gothenburg-Bohus county and ~ a l m o h u s  county 
t h e  popu la t ions  remain s t a b l e .  
The f o u r  s c e n a r i o s  i l l u s t r a t e  t h e  s h i f t s  i n  r e g i o n a l  
demographic development. Major changes have occur red ,  b u t  
t h e r e  a r e  a l s o  some p r e v a i l i n g  t r e n d s ,  among which i s  t h e  
r e l a t i v e l y  s t a b l e  growth o f  some c o u n t i e s ,  namely Uppsala,  
Hal land,  and Stockholm. During t h e  e a r l y  1970s, however, 
Stockholm ex p e r i en ced  a temporary i n t e r r u p t i o n  o f  t h e  growth 
t r e n d .  The o t h e r  two m e t r o p o l i t a n  r e g i o n s ,  Gothenburg and 
f4alm0,  do n o t  grow a c c o r d i n g  t o  any s c e n a r i o  based  on obse r -  
v a t i o n s  from t h e  1970s. 
During t h e  second h a l f  o f  t h e  1970s, r e g i o n a l  demographic 
development was c h a r a c t e r i z e d  by r e l a t i v e l y  s t a b l e  m i g r a t i o n  
p a t t e r n s  and d ec r ea sed  m o b i l i t y .  H a s  t h i s  development a ch i e ved  
a temporary s ta te  of b a l ance?  W i l l  t h i s  p e r s i s t  f o r  a few y e a r s  
i n t o  t h e  1990s? I f  t h e  r e g i o n a l  demographic development o f  t h e  
l a s t  few y e a r s  does  p e r s i s t ,  t h e  r e g i o n a l  p o l i c y  g o a l s  se t  by 
p a r l i a m e n t  w i l l  be ach i eved ,  a t  l e a s t  t h o s e  conce rn ing  t h e  
p o p u l a t i o n  t a r g e t s .  
I n  t h e  ~ k % n e  reg ion ,  K r i s t i a n s t a d  coun ty  shows some growth 
a c c o r d i n g  t o  a l l  f o u r  s c e n a r i o s .  For  ~ a l m 6 h u s  coun ty ,  S c e n a r i o  1 
i n d i c a t e s  a p o p u l a t i o n  i n c r e a s e  o f  60,000,  whereas t h e  o t h e r  
s c e n a r i o s  show no growth. The g e n e r a l  impress ion  i s  t h a t  t h e  
p o p u l a t i o n  o f  ~ k % n e  w i l l  n o t  change s i g n i f i c a n t l y .  
A l l  a l t e r n a t i v e s  b a sed  upon demographic development ove r  
t h e  l a s t  10 y e a r s  i n d i c a t e  a minor p o p u l a t i o n  d e c l i n e  f o r  South- 
w e s t  ~ k % n e .  The d i s t r i b u t i o n  among t h e  ~ k % n e  r e g i o n s  canno t ,  
however, be s een  a s  a f o r e c a s t i n g  problem on ly .  The l o c a t i o n  
o f  hous ing  c o n s t r u c t i o n  w i l l  i n f l u e n c e  t h e  demographic develop- 
ment o f  t h e  r e g i o n s .  Over a number o f  y e a r s  peop le  have been 
noving from t h e  SSK a r e a  t o  b o r d e r i n g  r e g i o n s ,  where hous ing  
c o n s t r u c t i o n  was c o n s i d e r a b l e .  However, t h e  s i t u a t i o n  might  
change r a p i d l y ,  because  i n c r e a s i n g  c o m u t i n g  c o s t s  cou ld  reduce  
t h e  demand f o r  d w e l l i n g s  s i t u a t e d  a l o n g  d i s t a n c e  from work. 
2. AN EXPLANATION OF REGIOXAL DEXOGRAPHIC DEVELOPMENT 
2.1. The Sys tems-Ana ly t i ca l  Approach 
During 1979 and 1980 t h e  Regional  Development Task a t  
IIASA t o g e t h e r  w i t h  SSK employees developed a sys tem o f  models 
f o r  r e g i o n a l  socioeconomic development.  Another  pape r  w i l l  
r e p o r t  on t h e  b a s i c  i d e a s  o f  t h i s  modeling work. I n  t h i s  
c o n t e x t  it seems r e a s o n a b l e ,  however, t o  show t h e  p o s i t i o n  o f  
demographic p o l i c y  q u e s t i o n s  i n  t h e  t o t a l  framework p rov ided  
by t h e  s y s t e m s - a n a l y t i c a l  approach.  F igu re  1 shows t h e  i n t e r -  
r e l a t i o n s  o f  t h e  p l a n n i n g  problems i n  a s y s t e m s - a n a l y t i c a l  
framework. 
In ternat ional  
and 
national  
l e v e l s  
Short-term forecast:  o f f i c i a l  
Swedish models used by the  
Minis t r ies  of Economy and In- 
dustry.  Long- term scenarios : 
r e s u l t s  from mul t isectora l  
growth model used i n  t h e  Com- 
mission on Consequences 
Short-term forecas t :  
o f f i c i a l  models men- 
t ioned above. Long- 
regional  migration 
model developed a t  
In ter regional  
l e v e l  
I Short-term forecas t :  
s u p p l r  
demand o f f i c i a l  . models 
in te r -  (county planning, 
ac t ion basic-nonbasic model Long-term scenarios:  
r e s u l t s  from Commis- 
s ion on Consequences 
Multiregional planning and/ 
o r  forecas t ing models 
developed i n  Sweden and a t  
IIASA, based p a r t l y  on 
in ter regional  input-output 
analys is  
In t ra-  
regional 
l eve l  
( f oaus 
of 
study) 
\I/ 
Application of mult iobjective dec<ision methods( 
F i g u r e  1.  A h i e r a r c h i c a l  scheme o f  models used i n  t h e  
~ k % n e  c a s e  s t u d y .  
4L 3 
I 
Normative land-use 
model developed i n .  
Stockholm and a t  
IIASA. Comprehen- 
s ive  , recursive,  
locat ion of indivi- 
s i b l e  un i t s  ' 
- 
Combined normative 
hand forecas t ing 
land-use model, 
in te rac t ive ,  r e c u r  
s ive .  Decision- 
maker s e t s  
cons t ra in t s  
The ' f r ee  s p a c e '  i n  which SSK can  p l a n  and s e t  i t s  own 
g o a l s  must g r a d u a l l y  be c i r cumsc r ibed  by s t u d i e s  o f  i n t e r n a t i o n a l  
and n a t i o n a l  economic development.  A premise  o f  t h e  e n t i r e  
p r o j e c t  i s  t h a t  socioeconomic development i n  ~ k % n e  and t h e  SSK 
a r e a  i s  s u b s t a n t i a l l y  i n f l u e n c e d  by changes  i n  i n t e r n a t i o n a l  
demand, i n  t e chno logy ,  i n  n a t i o n a l  economic p o l i c y  ( e s p e c i a l l y  
i n d u s t r i a l  p o l i c i e s )  and i n  r e g i o n a l  p o l i c y  as a p p l i e d  by 
m i n i s t r i e s  and c i v i l - s e r v i c e  depar tments .  
Obviously  it i s  c e n t r a l  t o  t h e  a n a l y s i s  t o  de t e rmine  i n  
which r e g i o n s  i n d u s t r y ,  a g r i c u l t u r e ,  and services w i l l  be l o c a t e d .  
I t  i s  assumed t h a t  t h e  l o c a t i o n  d e c i s i o n  i s  based  p a r t l y  on t h e  
t o t a l  n a t i o n a l  s i z e  o f  t h e  s e c t o r  and p a r t l y  on t h e  s i z e  and s t r u c -  
t u r e  o f  t h e  r e g i o n a l  p o p u l a t i o n .  One o f  o u r  most impor t an t  as- 
sumptions is  t h a t  r e g i o n a l  demographic development i s  t o  a  g r e a t  
e x t e n t  de te rmined  by ex t r eme ly  slow p r o c e s s e s .  Temporary s h i f t s  
i n  economic p o l i c y  a r e  assumed t o  e x e r t  a l i m i t e d  i n f l u e n c e  on 
t h e  r e g i o n a l  p o p u l a t i o n .  Employment l o c a t i o n  i s  t h e r e f o r e  a s -  
sumed, a s  mentioned above,  t o  be  de te rmined  by two independen t  
c o u r s e s  o f  development,  i . e .  n a t i o n a l  employment development o f  
e a c h  s e c t o r  and Semographic development,  hence t h e  p o t e n t i a l  
l a b o r  supp ly  i n  t h e  v a r i o u s  age and e d u c a t i o n a l  groups  o f  t h e  
r e g i o n s .  
The economic s t r u c t u r e  o f  e ach  r e g i o n  i s  t h e n  dec ided  w i t h  
t h e  h e l p  o f  a  m u l t i r e g i o n a l  economic model. The model t r a n s f e r s  
n a t i o n a l  s e c t o r a l  development t o  t h e  i n d i v i d u a l  r e g i o n s .  The 
r e g i o n a l  economic model i n d i c a t e s  t h e  approx imate  n w b e r  o f  
p e r s o n s  i n  employment i n  t h e  v a r i o u s  r e g i o n s ,  subd iv ided  i n t o  
v a r i o u s  s e c t o r s .  However, it r e v e a l s  n o t h i n g  abou t  t h e  l o c a t i o n  
o f  d w e l l i n g s  and workp laces  w i t h i n  t h e  r e g i o n .  T h e i r  l o c a t i o n  w i t h i n  
t h e  r e g i o n ,  f o r  example t h e i r  d i s t r i b u t i o n  among t h e  d i f f e r e n t  
l o c a l i t i e s  and m u n i c i p a l i t i e s  o f  Sksne ,  i s  d e a l t  w i t h  i n  a  compre- 
h e n s i v e  land-use model, which i s  s p e c i a l l y  adap t ed  t o  t h e  needs  o f  
p h y s i c a l  p l a n n i n g  and t h e  p r e s e n t  p l a n n i n g  s i t u a t i o n  i n  Skzne. 
The model e x i s t s  i n  two v e r s i o n s ,  which d i f f e r  i n  t h e  emphasis  
p l a c e d  on t h e  i n t e r a c t i o n  between model and u s e r .  It  w i l l  be 
d e s c r i b e d  i n  a  s e p a r a t e  r e p o r t .  
2 . 2 .  The Guiding Role of  Populat ion P r o j e c t i o n s  
W e  have a l r e a d y  mentioned t h a t , a t  t h i s  s t a g e  of t h e  p r o j e c t ,  
w e  w i l l  n o t  a l low r e g i o n a l  economic development a lone  t o  determine 
r e g i o n a l  demographic development and hence t h e  l a b o r  supply.  For 
an a n a l y s i s  o r i e n t e d  towards economic theory  t h i s  assumption might 
be unexpected, b u t  t h e  demographic development of somewhat l a r g e r  
r eg ions  i n  Sweden i s  remarkably s t a b l e ,  a l s o  over  l onge r  pe r iods  
of  t i m e  (F igure  2 ) .  This  goes f o r  most p a r t s  of  t h e  coun t ry ,  ~ 7 1 t h  
t h e  except ion  of  t h e  Stockholm reg ion .  
Percentage of t he  
( e n t i r e )  na t ion  
East  Cen t ra l  
Sweden 
West Sweden m- West Sweden 
Southeast  
Sweden 
15 
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Upper Norrland C/- 
Figure  2 .  The d i s t r i b u t i o n  o f  t h e  popu la t ion  i n  
Sweden, 1750-2025. 
Table  1 shows t h a t  sk%f ie l s  s h a r e  o f  t h e  n a t i o n a l  p o p u l a t i o n  
( 12 p e r c e n t )  h a r d l y  changed from 1920 t o  1975.  N e i t h e r  t h e  de- 
p r e s s i o n  o f  t h e  1930s,  t h e  war and t h e  b lockade  o f  t h e  1940s,  
n o r  t h e  v e r y  r a p i d  economic expans ion  o f  t h e  1950s and  1960s  
i n f l u e n c e d  t h i s  s h a r e  t o  any notewor thy e x t e n t .  
Table  1. The d i s t r i b u t i o n  o f  t h e  p o p u l a t i o n  among e i g h t  
d i s t r i c t s  a s  a p e r c e n t a g e  o f  t h e  t o t a l  n a t i o n a l  
p o p u l a t i o n ,  1920-1975.  
Region 1920 1930 1940 1950 1960 1970 1975 
Stockholm 
r e g i o n  
E a s t  C e n t r a l  
Sweden 17.3 16.7  16.3 16.5 16.6 17.2 17.1  
S o u t h e a s t  
Sweden 
West Sweden 14.8 15.0 15.2 15.3 15.6 16.2 16.5 
Northwest  C e n t r a l  
Sweden 13.4 13.1 12.5 11.8 11.6 10.6 10.5 
Lower Nor r l and  6.7 6.7 6.5 6 .1  5.7 4.9 4.9 
Upper Nor r l and  6.2  6.5 6.8 6 .7  6 . 7  6.0 6 . 1  
Source:  SOS, S t a t i s t i s k  i r s b o k  ( S t a t i s t i c a l  Yearbook), 1921-1976.  
W e  a r e  u n l i k e l y  t o  be a b l e  t o  f o r e s e e  a l l  t h e  major  changes  
i n  t h e  economic s t r u c t u r e  o v e r  t h e  n e x t  20 y e a r s ,  a l t h o u g h  w e  
e x p e c t  them t o  b e  as d r a s t i c  a s  t h o s e  of  t h e  t h r e e  20-year 
p e r i o d s  between 1920 and  1980.  T h e r e f o r e ,  a t  t h i s  s t a g e  w e  have 
r e f r a i n e d  from f o r e c a s t i n g  t h e  economic development  o f   kine and  
i t s  i n f l u e n c e  on demographic development .  A thorough  a n a l y s i s  
of ~ k A n e ' s  s i t u a t i o n  w i l l ,  however, pay g r e a t  a t t e n t i o n  t o  t h e  
r e l a t i o n  between t h e  economy and populat ion l o c a t i o n .  
2 . 3 .  C h a r a c t e r i s t i c s  of t h e  Projec t ion  Model 
In  a d d i t i o n  t o  f e r t i l i t y  and mor ta l i ty  r a t e s ,  t h e  model 
we use f o r  s tudying demographic development a l s o  con ta ins  
migration p r o b a b i l i t i e s .  In  i t s  s imples t  version it i s  iden- 
t i c a l  t o  t h e  model used by t h e  Cent ra l  Bureau of S t a t i s t i c s  i n  
Stockholm f o r  n a t i o n a l  population f o r e c a s t s .  S imi la r  models 
a r e  used t o  e s t ima te  t h e  demographic developnient of ind iv idua l  
regions.  These models a r e  cha rac te r i zed  by t h e i r  r a t h e r  simple 
rendering of c ross- regional  migrat ion.  Often a  cons tan t  annual 
migration gain ( o r  l o s s )  i s  i n d i c a t e d ,  sometimes d iv ided  i n t o  
age groups. 
A t  IIASA t h i s  convent ional  approach has been c r i t i c i z e d .  
I t  has been pointed o u t  t h a t  it i s  p o s s i b l e  t o  descr ibe  t h e  
p r o b a b i l i t y  of  a  move from one region t o  another  i n  much t h e  
same way a s  t h e  p r o b a b i l i t y  of a  woman i n  a  s p e c i f i c  age group 
having ch i ld ren  would be descr ibed.  In  o t h e r  words, an at tempt  
has been made t o  desc r ibe  cross- regional  migrat ion a s  a  proba- 
b i l i t y  with a  c e r t a i n  s t a b i l i t y .  Such a  p r o b a b i l i t y  may 
express  t h e  expecta t ion  t h a t  a  c e r t a i n  sha re  of t h e  ~ k s n e  popu- 
l a t i o n  i n  one age group w i l l  move t o  Stockholm wi th in  t h e  next  
f i v e  years .  Likewise, a  c e r t a i n  share  of t h e  same Stockholmian 
age group i s  expected t o  move t o  ~ k h e  during t h e  same period 
of time. In  t h e  model, t h e r e f o r e ,  t h e  migration p a t t e r n  is  
determined by t h e  p r o b a b i l i t y  of moves t o  o t h e r  regions and 
by t h e  s i z e  of t h e  age group under cons idera t ion  i n  t h e  
outmigration region.  
With a  model of t h e  f i r s t  type,  i . e .  with cons tan t  annual 
n e t  migration, t h e  outcome i s  sometimes unreasonable. I t  might 
i n d i c a t e  t h a t  i n  t h e  long run outmigrat ion would depopulate 
t h e  region.  The IIASA model with i t s  gross  migration probabi- 
l i t i e s  never genera tes  such l o g i c a l l y  absurd s ta tements .  When 
t h e  model i s  used over extremely long periods,  and f e r t i l i t y ,  
mor ta l i ty , and  migration p r o b a b i l i t i e s  a r e  kept  cons tan t ,  t h e  
migration flows produced even tua l ly  balance.  
I n  t h e  long run t h e  model g e n e r a t e s  c o n s t a n t  popula t ion  
s h a r e s  f o r  a l l  r eg ions .  A r e g i o n a l  s h a r e  w i l l ,  i n  such a  c a s e ,  
change on ly  i f  t h e  model i s  n o t  i n  i t s  f i n a l  balanced s ta te  o r  
/ 
i f  t h e  p r o b a b i l i t i e s  a r e  changed. Of cour se ,  i n  r e a l i t y  such 
changes do occur  and t h e  r e g i o n a l  s h a r e s  o f  t h e  n a t i o n a l  popu- 
l a t i o n  s h i f t  s lowly.  
To c a r r y  o u t  a comprehensive a n a l y s i s  o f  t h e  i n t e r -  
dependency between t h e  economy and t h e  popu la t ion ,  one would 
have t o  c o n s i d e r  t h e  mig ra t ion ,  f e r t i l i t y ,  and m o r t a l i t y  proba- 
b i l i t y  f u n c t i o n s  o f  t h e  s p e c i f i c  r e g i o n a l  s t a t e  o f  t h e  economy. 
A t  t h e  same t i m e ,  one would a l l ow economic d e c i s i o n s  t o  be 
determined by t h e  popula t ion  and i t s  r e g i o n a l  d i s t r i b u t i o n .  
However, such a  modeling e f f o r t  r e q u i r e s  a  long  s e r i e s  o f  d a t a  
f o r  determining t h e  h i s t o r i c a l  i n t e r a c t i o n .  I n  a d d i t i o n ,  one 
would need sound assumptions on t h e  t e c h n o l o g i c a l  and s o c i a l  
developments i n  t h e  pe r iod  f o r  which t h e  f o r e c a s t  i s  t o  be made. 
To i l l u s t r a t e  how, through mig ra t ion ,  t h e  r e g i o n a l  popu- 
l a t i o n s  are i n t e rdependen t ,  w e  have summarized t h e  model i n  a  
s i m p l i f i e d  example. 
The complete model accounts  f o r  a  d i v i s i o n  o f  Sweden i n t o  
2 5  r eg ions  each  w i t h  18 age groups.  Consequently,  t h e  model 
c o n t a i n s  thousands o f  p r o b a b i l i t i e s .  No p l anne r  would be a b l e  
t o  cons ide r  a l l  t h e s e  i n t e rdependenc ie s  s imul taneous ly .  However, 
us ing  t h e  computer, it is  r e l a t i v e l y  ea sy  t o  produce v a r i o u s  
l o g i c a l l y  reasonable  popula t ion  p r o j e c t i o n s  f o r  a number of  
f u t u r e  pe r iods .  
We have used f e r t i l i t y ,  m o r t a l i t y ,  and mig ra t ion  proba- 
b i l i t i e s  observed du r ing  d i f f e r e n t  p e r i o d s  between 1965 and 
1980 t o  see t h e i r  e f f e c t  on demographic development when used 
f o r  p r o j e c t i o n s  towards and beyond t h e  t u r n  o f  t h e  cen tu ry .  
The p r o j e c t i o n s  should n o t  be seen as f o r e c a s t s  b u t  r a t h e r  as 
s c e n a r i o s  showing t h e  development of  t h e  popu la t ion  l e v e l  i f  
t h e  migra t ion  p a t t e r n s  of  t h e  p a s t  15 y e a r s  a r e  assumed t o  
p e r s i s t .  
It  s t i l l  remains t o  develop t h e  model t o  be used f o r  
f o r e c a s t i n g .  Rather s o p h i s t i c a t e d  obse rva t ions ,  based on 
r e l e v a n t  d a t a ,  of  t h e  way i n  which economic development a f f e c t s  
demographic behavior  and v i c e  ve r sa  w i l l  be  necessary .  The model 
should be r econs t ruc t ed ,  s o  t h a t  t h e  migra t ion  p r o b a b i l i t i e s  a r e  
determined by t h e  economic s i t u a t i o n  of t h e  ou tmiyra t ion  and t h e  
inmigra t ion  r eg ions .  This  remodeling work i s  underway a t  IIASA. 
Another procedure ,  which w e  w i l l  employ, i s  t h e o r e t i c a l l y  
l e s s  well-founded b u t  more p r a c t i c a l .  This  c o n s i s t s  i n  us ing  
t h e  popula t ion  model i n  p a r a l l e l  w i th  a r e g i o n a l  economic model. 
The r e s u l t s  should then  be synchronized.  The l a b o r  supply 
i n d i c a t e d  by t h e  demographic model is t o  be understood as  a pre-  
l iminary  measure o f  t h e  a v a i l a b l e  manpower. With t h e  h e l p  o f  
a s p e c i a l l y  developed model, t h e  l a b o r  supply i s  compared t o  
and synchronized wi th  l a b o r  demand a s  i n d i c a t e d  by t h e  r e g i o n a l  
economic model. A mathematical  d e s c r i p t i o n  of t h e  t h e o r e t i c a l  
c h a r a c t e r i s t i c s  of  t h e  demographic model i s  given  i n  Appendix 
A. 
2.4- Regional Div is ion  ) 
The choice  of r e g i o n a l  d i v i s i o n  i s  impor tan t ,  s i n c e  it 
i n f l u e n c e s  t h e  p r o j e c t i o n  r e s u l t s  (F igure  3 ) .  Depending on t h e  
purpose of  t h e  i n v e s t i g a t i o n  one can choose between a  number 
o f  l e v e l s .  
We p r i m a r i l y  wish t o  throw l i g h t  upon long-dis tance 
migra t ions  between d i f f e r e n t  p a r t s  of t h e  count ry ,  which a r e  
d i s t i n g u i s h a b l e  (by s i z e )  a t  t h e  l e v e l  of t h e  r e g i o n a l  economy 
(Table 2 ) .  W e  a r e  n o t  i n t e r e s t e d  i n  r e g i o n a l  i n t e r n a l  
moves r e s u l t i n g  from a  normal change of dwel l ings .  Hence, 
w e  chose t o  c a l c u l a t e  on t h e  county l e v e l .  Malnohus 
county,  however, we d iv ided  i n t o  Southwest ~ k s n e  and t h e  
Count ies  : 
Stockholm 
Uppsala 
~odermanlan-d  
 ste ergot land 
~ o n k o p i n g  
Kronoberg 
K a l m a r  
Got land  
B l e k i n g e  
K r i s t i a n s t a d  
Malmohus 
H a l  l a n d  
Gothenburg-Bohus 
Alvsborg  
S k a r a b o r g  
 arml land 
o r e b r o  
Vastmanland 
~ o p p a r b e r g  
~ a v l e b o r g  
V a s t e r n o r r l a n d ,  
J a m t l a n d  
V a s t e r b o t t e n  
N o r r b o t t e n  
M u n i c i p a l i t i e s  - o f  SSK: 
-.-- 
1 .  Burlov 
2 .  Ksvl inge  
3 .  Lomma 
4 .  Lund 
5 .  M a l m e j  
6 .  S t a f f a n s t o r p  
7 .  Sveda la  
8 .  T r e l l e b o r g  
9 .  V e l l i n g e  
County Regions : 
F, G , H ,  1 S o u t h e a s t  
Sweden 
K,  L,M South  Sweden 
N,O,P,R West Sweden 
C,D,E,T,U E a s t  C e n t r a l  
Sweden 
s , w , X  Northwest  
C e n t r a l  Sweden 
y ,  z Lower Nor r l and  
AC , BD Upper Nor r l and  
F i g u r e  3 .  The r e g i o n a l  d i v i s i o n  o f  Sweden and t h e  munici- 
p a l i t i e s  i n  SSK. 
rest. F o r e i g n  c o u n t r i e s  are c o n s i d e r e d  as one e x t r a  r e g i o n ,  
which makes a t o t a l  o f  26 r e g i o n s .  The IIASA model makes it 
p o s s i b l e  t o  t a k e  i n t o  a c c o u n t  t h e  m i g r a t i o n  f lows  o f  a l l  age  
g roups  between e a c h  of t h e  26 r e g i o n s .  A c t u a l l y ,  a smal le rnum-  
b e r  o f  r e g i o n s  would have  been  s u f f i c i e n t .  ~ h u s , i n  t h i s  p a p e r  
w e  w i l l  t rea t  ~ k 8 n e  p r i m a r i l y  as one r e g i o n  r a t h e r  t h a n  as t h r e e  
s u b r e g i o n s .  
The t o t a l  p o p u l a t i o n  of  ~ k a n e  i s  o u r  p r imary  concern .  The 
d i s t r i b u t i o n  o f  p o p u l a t i o n  and workp laces ,  p a r t i c u l a r l y  i n  t h e  
Southwest ,  w i l l  n o t  be approached as a problem o f  demographic 
f o r e c a s t i n g  b u t  as a p l a n n i n g  i s s u e .  
W e  d e c i d e d  on a d i v i s i o n  o f  ~ k a n e  i n t o  t h r e e  r e g i o n s  f o r  
t h e  c u r r e n t  work i n  o r d e r  t o  d e t e r m i n e  t h e  d i r e c t i o n  o f  p re -  
s e n t  m i g r a t i o n  t r e n d s .  I n  i n t e r p r e t i n g  t h e  outcome, one  h a s  
t o  c o n s i d e r  t h a t  the  number o f  i n h a b i t a n t s  o f  e a c h  r e g i o n  d o e s  
n o t  r e f l e c t  employment changes  a l o n e .  I t  a l s o  r e s u l t s  from moves 
r e l a t e d  t o  hous ing  m a r k e t s ,  which  e x t e n d  o v e r  many r e g i o n s .  
Tab le  2 .  Number o f  moves i n  Sweden, 1978 ( i n  1 ,000s )  . 
L o c a t i o n  No. o f  moves 
Wi th in  t h e  p a r i s h  480 
To a n o t h e r  p a r i s h  w i t h i n  
t h e  s a m e  m u n i c i p a l i t y  
To a n o t h e r  m u n i c i p a l i t y  
w i t h i n  t h e  s a m e  c o u n t y  
To a n o t h e r  coun ty  154 
To a n o t h e r  c o u n t r y  58 
T o t a l  number o f  moves 1,121 
Thus, peop le  working i n  t h e  SSK a r e a  have moved t o  S o u t h e a s t  and 
C e n t r a l  ~ k % n e  (i .e. t h e  rest o f  Malmohus coun ty)  . Likewise ,  mu- 
n i c i p a l i t i e s  i n  t h e  Nor thwestern  p a r t  o f  K r i s t i a n s t a d  county  t r y  
t o  a t t r a c t  peop l e  moving o u t  of  t h e  He ls ingborg  a r e a  (Malmohus 
coun ty)  . 
The r e a s o n  why w e  c o n s i d e r  c o u n t r i e s  a s  r e g i o n a l  u n i t s  i s  
because  t h e  c o u n t r y  board  p l a y s  a n  i m p o r t a n t  r o l e  i n  n a t i o n a l l y  
i n i t i a t e d  r e g i o n a l  p o l i c y .  U n f o r t u n a t e l y ,  t h e  d i v i s i o n  does  n o t  
cor respond  t o  economic rea l i t i es ,  an  example o f  t h i s  i s  t h e  f a c t  
t h a t  t h e  s t a t e  h a s  been unab le  t o  a d j u s t  t h e  coun ty  b o r d e r s  i n  
t h e  Gothenburg r e g i o n .  Parts  of  Ha l land  and k v s b o r g  c o u n t i e s  
a r e  f u n c t i o n a l l y  i n t e g r a t e d  i n t o  t h e  Gothenburg hous ing  and 
l a b o r  marke t s .  I n  ~ k h e  t h e  s i t u a t i o n  i s  less extreme, b u t  
t h e r e  a l s o  t h e  coun ty  d i v i s i o n  f a i l s  t o  co r r e spond  t o  t h e  n a t u r a l  
economic r e g i o n s .  
2 .5 .  Choice o f  A l t e r n a t i v e s  
Th i s  pape r  r e p o r t s  on f o u r  a l t e r n a t i v e s  f o r  f u t u r e  r e g i o n a l  
demographic development i n  Sweden. The a l t e r n a t i v e s  a r e  n o t  f o r e -  
c a s t s  i n  t h e  u s u a l  s e n s e .  W e  have n o t  s e l e c t e d  one a l t e r n a t i v e  
as b e i n g  t h e  mst rea l i s t i c .  I n s t e a d ,  w e  c o n s i d e r  t h e  a l t e r n a t i v e s  
a s  f o u r  s c e n a r i o s .  r e l e v a n t  f o r  p r o v i d i n a  an i n d i c a t i o n  o f  Zero- 
g r a p h i c  developments i n  t h e  n e a r  f u t u r e  i n  Sweden. 
The s c e n a r i o s  a r e  based  upon c o u r s e s  o f  development obse rved  
d u r i n g  t h e  1960s and 1970s. The c o u r s e s  d i f f e r ,  n o t  o n l y  w i t h  
r e g a r d  t o  r e g i o n a l  demographic development,  b u t  a l s o  inasmuch as 
t h e y  r e f l e c t  changes  i n  n a t i o n a l  economic c o n d i t i o n s .  Tab le  3 
p r e s e n t s  some e s s e n t i a l  economic d a t a  from t h i s  . p e r i o d .  
3 .  RECENT POPULATION DEVELOPMENT 
S e c t i o n  3 d e s c r i b e s  p a s t  demographic development i n  t e r m s  
o f  f e r t i l i t y ,  m o r t a l i t y ,  a s  w e l l  a s  i n t e r n a l  and e x t e r n a l  m i -  
g r a t i o n .  A t  t h e  end o f  e ach  s u b s e c t i o n  w e  o f f e r  some conc lud ing  
comments and g i v e  t h e  r ea sons  f o r  t h e  p a r t i c u l a r  s c e n a r i o  d e s i g n .  
T a b l e  3 .  Some e s s e n t i a l  e c o n o m i c  d a t a  from t h e  1 9 6 0 s  a n d  1 9 7 0 s .  
S c e n a r i o  Gross  E x t e r n a l  
b a s e  G N P inves tment  C o n s t r u c t i o n  Unemployment m i g r a t i o n  I n d u s t r i a l  wages 
p e r i o d  
1.1968-69 annua l  
growth 
5  % 
2.1972-73 265% 
growth 
3 .  1976-77 NO 
growth 
4  1978-79 3% 
growth 
Gross  inves tment  108,000 d w e l l .  
amounted t o  53 c o n s t r u c t e d  i n  
b l n  Skr  (1975 Sweden, o f  which 
p r i c e s  ) 8 ,000  i n  SSK 
59 b l n  Skr  100,000 dwel l .  
c o n s t r u c t e d ,  
o f  which 
7,500 i n  SSK 
59 b l n  Skr  55,000 d w e l l .  
c o n s t r u c t e d ,  
o f  which 
2 ,900 i n  SSK 
56 b l n  S k r  55,000 d w e l l .  
c o n s t r u c t e d  
o f  which 
2,200 i n  SSK 
Approx. 40,000 
unemployed, o f  
which 7,000 
from metropol .  
a r e a s  
65,000 unempl., 
of: which 
20,000 from 
metrop.  a r e a s  
70,000 unempl, 
o f  which 
20,000 from 
metrop.  a r e a s  
90,000 unempl. 
o f  which 
25,000 from 
metrop.  areas 
.Large annua l  Gross  h o u r l y  wage f o r  an 
immigration: i n d u s t r i a l  worker:12.50 Skr  
a v e r a g e d  p e r  h o u r ,  i . e . 4 2  minu tes  
28,000 p e r s .  work f o r  10 l i t e r s  o f  p e t r o l  
(0.88 Skr  .per l i t e r )  
Many immigr. Gross  h o u r l y  wage 1 8  S k r ,  
r e t u r n e d  home; i . e .  35 minutes  work f o r  
n e t  emigrat . :  10 l i ters o f  p e t r o l  (1 .15  
11,000 p e r s .  Skr  p e r  l i t e r )  
Net annua l .  Gross  h o u r l y  wage 29 Skr,  
immigrat ion i .e .  36 minu tes  work f o r  
a g a i n : .  20,000 10 l i ters of  p e t r o l  (1 .60  
p e r s o n s  t o  1 . 7 0  S k r  p e r  l i t e r )  
Net annua l  Gross  h o u r l y  wage r o s e  from 
immigrat ion:  32 Skr  i n  1978 t o  36 S k r  i n  
a m o u n t i n g  t o  1979, t o  4 0  Skr  i n  1980, i . e .  
14,000 p e r s .  37 minu tes  work f o r  10 l i t e r s  
of  p e t r o l  i n  1978 t o  45 min. 
i n  1980 ( p e t r o l  r o s e  i n  c o s t  
from 1.98 Skr  f o r  10 l i t e r s  i n  
1978, t o  2.43 Skr  i n  1979,  t o  
2.96 Skr  i n  1980) 
3.1 . Some General  Fea tu re s  
In  r e c e n t  y e a r s  demographic development i n  Sweden has  been 
c h a r a c t e r i z e d  by d e c l i n i n g  f e r t i l i t y  r a t e s .  M o r t a l i t y  on t h e  
c o n t r a r y  i s  no longe r  dec reas ing ,  i n  f a c t  an i n c r e a s e  has  been 
observed f o r  men i n  some age groups.  Ex te rna l  migra t ion  has  
v a r i e d  from yea r  t o  yea r .  These f a c t o r s  have l e d  t o  major 
f l u c t u a t i o n s  i n  n a t i o n a l  popula t ion  growth. 
The i n d i v i d u a l  r eg ions  have a l s o  exper ienced  f l u c t u a t i o n s  
i n  popula t ion  growth,  which a r e  mostly accounted f o r  by changes 
i n  i n t e r n a l  migra t ion .  Ex te rna l  migra t ion  is  very  impor tan t  
e s p e c i a l l y  w i th  r e s p e c t  t o  t h e  me t ropo l i t an  r eg ions .  The d a t a  
conta ined  i n  t h i s  s u b s e c t i o n a r e q u o t e d  from a  v a r i e t y  o f  sou rces  
o r i g i n a t i n g  from t h e  C e n t r a l  Bureau o f  S t a t i s t i c s .  
3.2 . Decl ining F e r t i l i t y  Rates 
F e r t i l i t y  r a t e s  have changed markedly o v e r  t h e  l a s t  20 y e a r s .  
In  t h e  mid 1960s t h e  b i r t h  r a t e  reached a  l e v e l  uncommon i n  
Sweden, b u t  s i n c e  then  (wi th  t h e  excep t ions  o f  t h e  e a r l y  1970s 
and 1979) f e r t i l i t y  has  been s t e a d i l y  d e c l i n i n g ;  see Figure  4 
i n  which t h e  SSK curve approximately fo l lows  t h e  n a t i o n a l  curve.  
Apart  from temporary f l u c t u a t i o n s  i n  f e r t i l i t y  long-term changes 
have a l s o  occur red .  During t h e  t w e n t i e t h  cen tu ry  t h e  whole 
f e r t i l i t y  p a t t e r n  has  changed d r a s t i c a l l y .  
Not only  t h e  l e v e l  o f  f e r t i l i t y  b u t  a l s o  t h e  age a t  which 
women bea r  c h i l d r e n  have changed. From t h e  t u r n  o f  t h e  c e n t u r y  
t o  t h e  1930s t h e  number o f  b i r t h s  decreased  by h a l f .  The t r e n d  
towards e a r l i e r  c h i l d b e a r i n g  began g radua l ly .  S ince  t h e  1930s 
it has  been a c c e l e r a t i n g  a s  a r e s u l t  o f  t h e  f a c t  t h a t  couples  
r a i s e  f a m i l i e s  a t  an i n c r e a s i n g l y  e a r l y  age.  
F e r t i l i t y  i s  now f a r  below t h e  replacement l e v e l ,  i .e. 
t h e  l e v e l  r e q u i r e d  t o  main ta in  a  c o n s t a n t  popu la t ion  ove r  t h e  
long run,  exc lud ing  c o n s i d e r a t i o n  o f  immigration.  No s i n g l e  
yea r  s i n c e  1900 has  reached t h e  f u l l  replacement l e v e l  and, given 
p r e s e n t  m o r t a l i t y  r a t e s ,  a  f e r t i l i t y  r a t e  o f  2.1 c h i l d r e n  p e r  
woman would be r e q u i r e d  t o  a t t a i n  t h i s  l e v e l .  That  t h e  Swedish 
popula t ion  i s  s t i l l  growing i s  because o f  t h e  dec reas inq  m o r t a l i t y  
l e v e l s  o f  t h e  c e n t u r y ,  t h e  s u b s t a n t i a l  immigra t ion  o v e r  t h e  
l a s t  30 y e a r s ,  t h e  t r e n d  towards  e a r l y  c h i l d b e a r i n g ,  and f i n a l l y  
t o  t h e  f a c t  t h a t  it t a k e s  a  l o n g  t i m e  b e f o r e  f e r t i l i t y  changes 
s i g n i f i c a n t l y  a f f e c t  t h e  t o t a l  popu l a t i on .  
No. of 
b i r t h s ,  
N o .  of 
b i r t h s ,  
F i g u r e  4 .  Number o f  b i r t h s  p e r  y e a r :  
Sweden and SSK ( i n  1 ,000s ) .  
Sweden SSK 
A t  p r e s e n t ,  t h e  C e n t r a l  Bureau o f  S t a t i s t i c s  i s  conduc t i ng  
e x t e n s i v e  r e s e a r c h  i n t o  t h e  chang ing  b i r t h  rates o f  t h e  l a s t  
few y e a r s .  The Bureau i s  a l s o  t r y i n g  t o  assess Swedish a t t i t u d e s  
towards c h i l d b e a r i n g .  Some p robab l e  c a u s e s  f o r  t h e  low b i r t h  
rates are r e l i a b l e  c o n t r a c e p t i v e  methods, l e g a l  a b o r t i o n ,  t h e  
h i g h e r  l e v e l  o f  e d u c a t i o n ,  and  t h e  i n c r e a s i n g  number o f  women 
working o u t s i d e  t h e  home. The l a c k  o f  ch i l d -dayca re  f a c i l i t i e s  
may a l s o  be r e l e v a n t .  Another  c ause  mentioned i s  - t h e  g e n e r a l l y  
improved income l e v e l .  The number o f  ma r r i age s  ha s  d e c r e a s e d  
c o n s i d e r a b l y  s i n c e  t h e  mid 1960s ,bu t  s imu l t aneous ly  t h e  number 
o f  c o u p l e s  l i v i n g  t o g e t h e r  w i t h o u t  b e i n g  mar r i ed - - e spec i a l l y  
young couples--has i n c r e a s e d .  T he re fo r e  t h i s  change canno t  
immediately have cau sed  t h e  low b i r t h  rates.  However, t h e  
i n c r e a s i n g  number o f  d i v o r c e s  may c o n s t i t u t e  a cause .  I n  t h e  
1960s,  2 p e r c e n t  o f  t h e  m a r r i age s  ended i n  d i v o r c e  w i t h i n  3 y e a r s  
o f  t h e  wedding, t o d ay  t h e  rate i s  8 p e r c e n t .  
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Fertility varies slightly from one part of the country to 
another (Figure 5). It is low in the metropolitan areas of 
Stockholm, Gothenburg, and Malmo, but also in cities like 
Karlstad, ~orss, Kalmar, and ~inkoping. Stockholm has the lowest 
rate (only 1.32 children per woman), but this can be accounted 
for by the specific situation of the metropolitan regions. 
Families with children very often move to a suburban munici- 
pality at the time when they are awaiting another child. There- 
fore, cities like ~'lalmo and Lund have lower birth rates than 
the surrounding suburbs. Fertility in Southwest  kine is 
below the national average (1.54 and 1.64 children per woman, 
respectively, for the period 1976-1979). 
No. of births 
per woman 
Full replacement level 
1.7 
Sweden 
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Figure 5. Total fertility rate in ~alm6hus county, SSK, and 
Sweden (number of births per woman). 
The variation between regions is, however, diminishing. 
The old picture of low fertility in the cities and high fertility 
in the northern countries and the 'church-going' countries of 
Bohus and ~mAland is no longer valid. Today all countries with 
the exception of Stockholm are on approximately the same level. 
The gap between the highest and the lowest rates has been reduced 
from over 60 percent at the turn of the century to 15 percent at 
present, see also Figure 6. 
1 fertility rate 
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1.91 and above 
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Figure 6. Fertility in Swedish municipalities, 1974-1976. 
The IIASA model enables us to evaluate alternative assump- 
tions of future fertility, and several simulations have already 
been made. To simplify matters we have chosen for this paper 
one alternative only. We have assumed that, independent of the 
migration pattern, all countries renain on the 1976-1979 fertility 
level. The Central Bureau of Statistics in its latest national 
forecast has done more or less the same; however, it has modestly 
raised the average to 1.8 children per woman. 
3.3. Constant blortality Rates 
Mortality changed less drastically than fertility between 
1960 and 1980. For women, it continued to decrease, whereas 
for men in some age groups it remained constant or even in- 
creased. For both sexes mortality is very low until the age of 
50. The very high mean expectation of life will result in a 
large number of elderly in the future. 
I'lortality decreased less at the end of the 1970s than 
during the 1960s. Furthermore, the variations from country to 
country are leveling out. Southwest  kine and the rest of 
~almohus county have a somewhat lower-than-average mortality 
rate for women. 
Our results coincide roughly with those of the Central 
Bureau of Statistics (1978). Its investigation of mortality from 
1970 to 1975 showed that mortality was low in the South, in the 
Southwest, and in parts of Uppland and ~odermanland and higher 
in Central Sweden, in the North and (for men) in the metropolitan 
regions. 
The regional mortality variations are probably related to 
the fact that causes of death differ from region to region. 
High mortality for women in some regions might be explained by 
the high incidence of cardiovascular diseases. For men, 
cardiovascular plus tumor-related diseases are relevant. 
We have assumed that all countries, independent of their 
migration patterns, will retain the same mortality levels as 
those of the period 1976-1979. The latest national forecast 
of the Central Bure'lu of Statistics is based on approximately 
the same assumption. The Bureau presupposes that the mean 
expectation of life at birth for men will not change (72.4 years). 
For women a slight prolongation is foreseen (from 78.6 to 78.9 
years). 
3.4. Increases in Migration during Periods of Rapid Economic 
Growth 
The belief that the number of moves has increased substan- 
tially over the last decades is widespread. However, this is 
not true. In fact, mobility per 1,000 persons has been fairly 
constant throughout the century. Obviously the number of mi- 
grants does, to some extent, fluctuate. The labor-market situa- 
tion accounts for most of the changes, since mobility increases 
during times of prosperity and decreases during a depression 
(Figure 7). In the 1960s and 1970s, migration associated with 
these economy-related fluctuations amounted to approximately 
10 percent of total migration. 
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. Number of cross-county border moves (in 1,000s) . 
The migration pattern has changed (Table 4). In the 1960s 
the metropolitan populations* grew considerably, while the 
forestry-dominated counties+ and other sparsely populated areas 
suffered from serious population losses. Around 1970 a dramatic 
shift occurred. The metropolitan counties experienced a net 
outmigration, whereas the 'forestry counties' generally maintained 
or increased their populations. Outmigration from the metropoles, 
but also from ~odermanland, Jonkoping, Blekinge, vastmanland, 
and Norrbotten counties has continued. All 'forestry counties' 
with the exception of Norrobotten have had a net inmigration. 
At the end of the 1970s internal migration decreased. It 
fell from 220,000 persons annually in the prosperous years of 
1969 and 1970 to 150,000-160,000 annually between 1977 and 
1979. This was partly caused by the worsened situation on the 
labor market, but it might also indicate a tendency towards a 
decline in migration. We may be witnessing the beginning of a 
low-mobility labor market and slower adaptation processes in 
regional demographic development. 
The economic development of the various regions will affect 
internal migration. However, some migration patterns are rela- 
tively constant. The exchange between the counties is not coin- 
cidental. Geographic proximity as well as existing differences 
in sectoral structure and services influence the migration flows. 
Table 4. Internal migration surplus, annual average (in 1,000s). 
Area 1965-69 1972-73 1976-77 1378-79 
Metropolitan counties 13 - 8 - 7 - 7 
Sparsely populated 
counties -15 0 3 3 
Other counties 2 8 4 4 
The nation 0 0 0 0 
*Stockholm, ?lalmohus, and Gothenburg-Bohus. 
-iNorrbotten, Vasterbotten, Vasternorrland, Jkntland, 
Galeborg, Kopparberg, Varmaland. 
3.5. Externa l  Migrat ion and Its Importance f o r  t h e  Metropol i tan 
Regions 
When emigra t ion  t o  t h e  United S t a t e s  ( t o t a l i n g  1.2 m i l l i o n  
Swedes) ceased  i n  t h e  1920s, Sweden once aga in  became an immigra- 
t i o n  count ry .  Up u n t i l  t h e  Second World War immigration was 
modest. Most immigrants w e r e  r e t u r n i n g  Swedish-Americans. The 
i n c r e a s e  came wi th  t h e  end o f  t h e  war, when Sweden r ece ived  
many re fugees .  During t h e  1950s and 1960s t h e  a c u t e  l a b o r  
sho r t ages  occasioned Swedish f i rms  t o  r e c r u i t  from o t h e r  Scan- 
d inavian  c o u n t r i e s ,  from t h e  FRG,and e v e n t u a l l y  from t h e  Mediter- 
ranean c o u n t r i e s .  I n  1967 non-Scandinavian immigrants became sub- 
ject t o  new v i s a  r e g u l a t i o n s ,  t h e  e f f e c t  o f  which, however, d i d  
n o t  mani fes t  i t s e l f  u n t i l  t h e  beginning of t h e  1970s. 
Ex te rna l  mig ra t ion  has  been followed by f l u c t u a t i o n s  on t h e  
Swedish l a b o r  market and t h u s  has  v a r i e d  cons ide rab ly  from yea r  
t o  year .  Immigration reached a peak dur ing  t h e  economic boom i n  
1970 bu t  i n  1972-73 t h e r e  was n e t  emigrat ion.  S ince  then  im- 
migra t ion  h a s  aga in  exceeded emigra t ion  (Table 5 ) .  
Immigration g r e a t l y  i n f l u e n c e s  t h e  demographic development 
of many reg ions .  For t h e  n a t i o n  a s  a whole it has  provided an 
a d d i t i o n a l  800,000 persons  s i n c e  t h e  Second World War (approxi-  
mately 500,000 immigrants and 300,000 c h i l d r e n ) .  The growth o f  
t h e  metropoles has  l a r g e l y  been a r e s u l t  o f  immigration,  which has  
r e c e n t l y  compensated f o r  t h e  ou tmigra t ion  from t h e s e  r eg ions  t o  
o t h e r  a r e a s .  Between 30 and 40 pe rcen t  o f  t h e  immigrants u s u a l l y  
go t o  t h e  Stockholm a r e a  and a cons ide rab le  'share migra te  t o  
Southwest ~ k h e .  
Table 5. Ex te rna l  mig ra t ion  s u r p l u s ,  annual  average (in 1 ,000s ) .  
Area 
Met ropol i tan  c o u n t i e s  11 - 6 12 9 
Spa r se ly  populated 
c o u n t i e s  
Other c o u n t i e s  15 - 4 7 4 
The n a t i o n  ( t o t a l )  28 -1 0 2 1 14 
Immigra t ion  and e m i g r a t i o n  a r e  v i t a l l y  impor t an t  t o  t h e  
f u t u r e  o f  many r e g i o n s .  However, it i s  d i f f i c u l t  t o  f o r e s e e  
t h e  e x t e n t  o f  t h i s  m i g r a t i o n  i n  t h e  y e a r s  t o  come. Both s h o r t -  
t e r m  economic f l u c t u a t i o n s  and long-term economic development 
w i l l  be i n f l u e n c i n g  f a c t o r s .  For t h i s  r e a s o n  w e  have chosen t o  
e v a l u a t e  t h e  e f f e c t s  o f  f o u r  a l t e r n a t i v e s  t h a t  a r e  r e l a t i v e l y  
d i f f e r e n t  i n  c h a r a c t e r .  The e x t e r n a l  m i g r a t i o n  p a t t e r n s  o f  o u r  
f o u r  perio.ds a r e  compat ib le  w i t h  t h e s e  d i f f e r e n c e s  and w i l l  be 
used f o r  t h e  s c e n a r i o s  (Tab le  6 ) .  
For  Sweden a s  a  whole w e  have assumed t h a t  t h e  d i s t r i b u t i o n  
f o l l o w s  t h e  obse rved  p a t t e r n  of  t h e  r e s p e c t i v e  p e r i o d .  
Tab le  6. E x t e r n a l  m i g r a t i o n ,  1968-1979 ( i n  1 , 0 0 0 s ) .  
S c e n a r io  Immigra t ion  Emigra t ion  S u r p l u s  
3 . 6 .  Some C h a r a c t e r i s t i c s  of Southwest   kine 
I n  Southwest  s k i n e l  t h e  male m o r t a l i t y  r a t e  i s  s l i g h t l y  
h i g h e r  t h a n  t h e  n a t i o n a l  ave r age ,  w h i l e  f o r  women it i s  a  l i t t l e  
lower .  For bo th  s e x e s  t o g e t h e r ,  t h e  m o r t a l i t y  r a t e  i s  somewhat 
lower t h a n  t h e  ave r age  and f e r t i l i t y  i s  a l s o  below t h e  mean 
r a t e .  The same c h a r a c t e r i s t i c s  have been chosen f o r  t h e  
s c e n a r i o s  . 
The SSK mig ra t i on  p a t t e r n  h a s  changed d r a s t i c a l l y  o v e r  t h e  
p e r i o d  under a n a l y s i s .  The r e a s o n s  f o r  t h i s  s i t u a t i o n  a r e  two- 
f o l d :  t h e  c o n s t a n t  s t a t e  o f  t h e  l a b o r  market  and t h e  r e l o c a t i o n  
o f  hous ing  c o n s t r u c t i o n .  I n  1968-1969, t h e  demand f o r  l a b o r  was 
h i g h ,  and peop le  moved t o  t h e  a r e a  from o t h e r  p a r t s  o f  Sweden 
and from abroad .  ~ o u s i n g  c o n s t r u c t i o n  was a l s o  e x t e n s i v e  and t h e  
ne:vcomers s e t t l e d  w i t h i n  t h e  a r e a .  
Around 1970, t h e  l a b o r  market  changed f o r  t h e  worse and fewer  
peop le  moved i n  t o  s eek  employment. A t  a lmos t  t h e  same t i m e  o u t -  
m i g r a t i o n  from Southwest  ~ k s n e  t o  t h e  su r round ing  m u n i c i p a l i t i e s  
began. Housing c o n s t r u c t i o n  g r a d u a l l y  s h i f t e d  t o  t h e s e  o t h e r  
p a r t s  o f  t h e  coun ty .  New r e s i d e n t i a l  (one-family-house)  a r e a s  
w e r e  b u i l t  a t  l o n g  d i s t a n c e s  from workplaces  and t h e  SSK s h a r e  
of hous ing  c o n s t r u c t i o n  i n  ~ k s n e  became t o o  s m a l l .  The c e n t r a l  
and s o u t h e a s t  m u n i c i p a l i t i e s  on t h e  c o n t r a r y  b u i l t  more t h a n  
was j u s t i f i e d  by t h e  development o f  t h e  l o c a l  l a b o r  market .  
Between 1975 and 1979 some 6,000 pe r sons  ( n e t  loss )  moved from 
t h e  SSK area t o  C e n t r a l  and Sou thea s t  ~ k s n e  and took  t o  long- 
d i s t a n c e  commuting. Data on t h e  annua l  ave r age  n e t  m i g r a t i o n  i n  
Southwest  ~ k s n e  i s  given  i n  Table  7. Over t h e  l a s t  few y e a r s  
Southwest  ~ k s n e  h a s  a l s o  l o s t  i n h a b i t a n t s  t o  t h e  rest o f  Sweden. 
The o u t m ig r a t i o n  was t o  some degree ,  a l t hough  n o t  comp le t e ly ,  
compensated f o r  by immigra t ion .  
Tab le  7. SSK n e t  m i g r a t i o n ,  annua l  ave r age .  
SSK's pe r cen t a ge  
Rest o f  R e s t  o f  Other  s h a r e  o f  t h e  P e r i o d  Sweden c o u n t r i e s  coun ty '  s new 
c o n s t r u c t i o n  
4 .  FOUR SCENARIOS 
4.1. The Swedish P o p u l a t i o n  W i l l  Decrease  Without  Immigrat ion 
A t  p r e s e n t  Sweden h a s  a  p o p u l a t i o n  of  8 .3  m i l l i o n .  Our 
f o u r  s c e n a r i o s  g i v e  c o n f l i c t i n g  answers t o  t h e  q u e s t i o n  of  na- 
t i o n a l  demographic development ( F i g u r e  8 ) .  A l t e r n a t i v e s  1  and 
3 i n d i c a t e  some growth,  A l t e r n a t i v e  2 a d e c l i n e ,  and A l t e r n a t i v e  
4 a lmos t  no change. The e x a c t  numbers a r e  shown i n  Tab le  8  
together with the latest forecast from the Central Bureau of 
Statistics (SCB). Several trends are worthy of attention here. 
First, the importance of external migration is evident. 
The projections for the population of the next decade vary 
between -200,000 and +200,000, depending on the size of imrnigra- 
tion and emigration flows only. The government cannot control 
them completely. Other influential factors, which are equally 
if not more important, are the development of the Swedish 
economy and the political and economic situation of neighboring 
nations. This being the case, our possibilities for making 
forecasts for the nation and the regions are limited. 
Mln inh. 
scenario projections 
Figure 8. The population of Sweden, 3900-2025: four 
alternative projections. 
Table 8. The population of Sweden, 35180-2025 (in 1,000s). 
Year Scenario 2 3 
SCB 
4 forecast, 1980 
Second, without a certain immigration surplus (or increased 
fertility) the population will decline. This tendency will be 
reinforced even further in the 1990s because of the age compo- 
sition of the population. 
Thirdly, the outcome of Scenario 4 coincides almost com- 
pletely with that of the latest national forecast as far.as the 
total national population is concerned. The Bureau, however, 
has not made any regional division. Our fourth alternative is 
therefore particularly interesting if taken as a regional 
breakdown of the SCB forecast. 
4.2. Concentration in the South or Equally Distributed Growth? 
The scenarios differ with regard to the size of the national 
population, but also regarding the distribution among the coun- 
ties. Table 9 shows the county demographic development in detail. 
Figure 9 summarizes the population changes of the counties in 
the 1980s according to the four projections. 
Scenario 1, based upon the 1968-1969 migration pattern, 
indicates a radical redistribution from the North to the South. 
All counties dominated by the forestry sector lose population, 
while the southern counties maintain or increase their populations. 
There are many growth counties: the metropolitan areas as well as 
Uppsala, Halland, and ~lvsbor~. The metropoles increase consider- 
ably, at a level of approximately 200,000 persons in 10 years. 
Scenario 2, based on the 1972-1973 migration pattern, dif- 
fers from Scenario 1. The Stockholm and Gothenburg regions 
decline substantially, and Malmohus county barely maintains a 
constant population. Also Kalmar, Vastmanland, Grebro, Varmland, 
and Gavleborg lose population. The rest of the Norrland counties, 
however, succeed in avoiding losses. Only three out of 24 coun- 
ties grow: Uppsala, Halland, and ~lvsborg. 
Scenarios 3 and 4, based on the 1976-1977 and the 1978-1979 
patterns, are almost identical. All counties, with the excep- 
tion of Blekinge, more or less maintain their present populations 
or grow slightly; this is even relevant for the Norrland counties. 
Vasterbotten can even look forward to a positive pattern of 
Table 9. Population per county according to the scenarios 
(in 1,000s). 
County Scen. 4 
Regional  
Scen. l Scen. 2 Scen. 3 ,,p o i i c y  g o a l s  
1979 1989 1989 1989 1984 1989 1999 f o r  1985 
A8 Stockholm 1,524 1,695 1,451 1,584 1,547 1,562 1,578 1,545 - 9,565 
C Uppmmlm 242 256 252 264 254 265 281 246 - 250 
D Sadcrmenland 252 258 24 3 250 251 249 24 5 250 - 256 
E t)stcrgotlond 392 404 386 405 394 394 391 394 - 400 
F Jonkoping 302 319 299 303 301 297 290 305 - 308 
C Krmoberg 172 181 171 177 175 176 177 1 7 1 -  175 
H Kalmar 24 1 240 231 24 1 240 238 234 240 - 244 
I Gotland 55 55 55 56 56 57 58 54 - 56 
K Blekinge 1 54 156 154 149 153 151 147 1 5 2 -  156 
L Kristienstad 279 282 28 2 289 285 289 295 285 - 287 
M ~almijhus 744 799 744 758 744 74 1 735 745 - 755 
N Halland 229 254 253 249 238 245 255 236 - 240 
285 269 270 20 3 284 28 2 278 285 - 287 5 Vanland 
T tlre6ro 274 273 258 272 273 271 265 273 - 277 
U Vastmanlend 260 273 24 2 258 2 58 255 24 9 261 - 265 
W Kopparberg 286 267 279 295 288 289 290 288 - 292 
X Giivleborg 294 277 277 29 1 292 289 28 5 293 - 297 
Y Viisternorrlend 268 251 261 268 267 265 259 270 - 274 
Z Jiimtlmnd 135 117 153 137 1 36 136 136 136 - 139 
AC Vasterbotten 24 2 227 238 25 2 247 251 257 244 - 248 
BD Norrbotten 267 240 269 274 267 266 262 267 - 272 
TOTAL 8,303 n,099 e, 115 a , ~  a, 362 8, 301 8,365 8,355 - 8,460 
development. In both scenarios, the growth counties are Stockholm, 
Uppsala, Skaraborg, Halland, and Kristianstad.' Gothenburg and 
_"lalmo no longer Selong to this category. 
The four scenarios illustrate possible shifts in the future 
demographic development of the regions. The differences between 
the projections are substantial. There are, however, several 
prevailing trends. 
1. Two counties, Uppsala and Halland, grow according 
to all four scenarios. Are these more 'robust' than 
the others? The growth of Halland may partially be 
explained by the outmigration from Gothenburg. Will 

t h i s  o u t m i g r a t i o n  c o n t i n u e ,  g r a n t i n g  t o  t h e  n o r t h  o f  
Ha l l and  a  s t e a d y  i n c r e a s e ?  
2. Stockholm c o u n t y  a l s o  seems t o  be a  s t a b l e  growth r e g i o n ,  
e x c e p t  f o r  a  s h o r t  p e r i o d  i n  t h e  e a r l y  1970s. I n  a l l  
s c e n a r i o s  b u t  t h e  second it h a s  t h e  h i g h e s t  growth r a t e .  
3.  The two s m a l l e r  m e t r o p o l i t a n  r e g i o n s ,  Gothenburg and 
~ a l m o ,  no l o n g e r  s t a n d  o u t  a s  growth a r e a s .  
4 .  Towards t h e  e n d  o f  t h e  1970s i n t e r n a l  m i g r a t i o n  d e c l i n e d .  
The c o u n t i e s  g e n e r a l l y  m a i n t a i n e d  o r  i n c r e a s e d  t h e i r  
p o p u l a t i o n s .  S c e n a r i o s  3  and 4 t o  a g r e a t  e x t e n t  a g r e e  
on  f u t u r e  development  p a t h s .  Has t h e  r e g i o n a l  develop-  
ment a c h i e v e d  a r e l a t i v e  s t a b i l i t y ,  which w i l l  b e  main- 
t a i n e d  i n t o  t h e  1980s? 
4.3. A Comparison Between t h e  P r o j e c t i o n s  and t h e  Goals  o f  
Regional  P o l i c y  
A r e  t h e  p r o j e c t i o n s  c o m p a t i b l e  w i t h  t h e  g o a l s  o f  r e g i o n a l  
p o l i c y ?  S i n c e  1972, p a r l i a m e n t  h a s  se t  p r o v i s i o n a l  p o p u l a t i o n  
growth r a t e s  ( a  lower  and a  h i g h e r  r a t e )  f o r  a l l  c o u n t r i e s  and 
t h e  l a t e s t  r e v i s i o n  was u n d e r t a k e n  i n  1980. W e  have compared 
t h e s e  g o a l s  w i t h  t h e  r e s u l t s  of  o u r  c a l c u l a t i o n s .  The compar ison,  
shown i n  T a b l e  9 ,  h a s  r e v e a l e d  t h a t  a  r e p e t i t i o n  o f  t h e  1968- 
1969 m i g r a t i o n  p a t t e r n  ( S c e n a r i o  1 )  would n o t  f u l f i l l  t h e  g o a l s  
a t  a l l .  None of  t h e  s p a r s e l y  p o p u l a t e d  c o u n t i e s  would r e a c h  t h e  
d e s i r e d  p o p u l a t i o n  l e v e l ,  w h i l e  a l l  m e t r o p o l i t a n  c o u n t i e s  would 
exceed t h e i r  l i m i t s .  S c e n a r i o s  3  and 4 ,  i . e .  a  c o n t i n u a t i o n  of  
t h e  1976-1979 c o u r s e ,  would l e a d  t o  a n  a c c e p t a b l e  d e g r e e  o f  
f u l f i l l m e n t  of  t h e  p o l i c y  g o a l s .  Among t h e  s p a r s e l y  p o p u l a t e d  
c o u n t i e s  o n l y  ~ a s t e r b o t t e n  and Gavleborg  f a i l  t o  a c h i e v e  t h i s  
g o a l .  I n  t h e  Sou th ,  vas tmanland  s h a r e s  t h e  same f a t e  and t o  
some d e g r e e  a l s o  Jonkop ing ,  Gothenburg-Bohus, and ~ l a l m o h u s .  
Only one  c o u n t y ,  ~ l v s b o r ~ ,  exceeds  t h e  e s t a b l i s h e d  g o a l  i n  a l l  
s c e n a r i o s .  
4 . 4 .  !,Tinor P o p u l a t i o n  Changes i n  ~ k 8 n e  
Many p e o p l e  s t i l l  a s s o c i a t e  ~ k & n e  and t h e  ?lalmohus r e g i o n  
w i t h  r a p i d  p o p u l a t i o n  growth and a  l a b o r  marke t  c h a r a c t e r i z e d  by 
h i g h  demand. This ,however ,  i s  no l onge r  v a l i d .  F i g u r e s  10 and 11 
show t h a t  t h e  p o p u l a t i o n  o f  S k h e  i n c r e a s e d  by 33,000 d u r i n g  t h e  
f i r s t  h a l f  o f  t h e  1970s and by on ly  15,000 d u r i n g  t h e  second h a l f .  
Southwest  S k h e  i s  t o t a l l y  r e s p o n s i b l e  f o r  t h e  d e c l i n e .  Our 
s c e n a r i o s  o u t l i n e d  below set  t h e  s t a g e  f o r  t h e  1980s and t h e  1990s 
(see a l s o  Table  10) . 
I n  S c e n a r i o  1  t h e  Sk%ne p o p u l a t i o n  i n c r e a s e s  by 60,000 i n  t h e  
1980s and by 49,000 i n  t h e  1990s. The growth a c c r u e s  mainly  t o  
Southwest  ~ k % n e ,  w h i l e  t h e  rest o f  ~ a lm 'bhus  and K r i s t i a n s t a d  
c o u n t i e s  r e c e i v e  minor s h a r e s .  
I n  S c e n a r i o s  2 ,  3,  and 4 t h e  ~ k 8 n e  p o p u l a t i o n  remains  a lmos t  
c o n s t a n t .  An i n c r e a s e  o f  s e v e r a l  thousands  i n  t h e  f i r s t  decade i s  
fo l lowed  by an e q u i v a l e n t  d e c r e a s e  i n  t h e  second decade.  The d i s -  
t r i b u t i o n  among t h e  c o u n t i e s  h a r d l y  changes .  The t r e n d ,  however, i s  
clear: d e c l i n e  i n  Southwest  skzne ,  maintenance  o f  t h e  c u r r e n t  
s i t u a t i o n  i n  t h e  rest o f  Malmohus, i n c r e a s e  i n  K r i s t i a n s t a d .  The 
second p i c t u r e  a p p e a r s  a t  t h e  moment t o  be  t h e  m o s t  p robab l e  one.  
The c u r r e n t  employment and p o p u l a t i o n  s t a t i s t i c s  s u g g e s t  t h a t  S k h e  
i n  t h e  n e a r  f u t u r e  w i l l  m ain t a in  i t s  c u r r e n t  p o p u l a t i o n  o f  1 ,025,000.  
The q u e s t i o n  i s  whether  t h e  r e d i s t r i b u t i o n  o f  t h e  p o p u l a t i o n  as i n -  
d i c a t e d  by S c e n a r i o s  2 ,  3 ,  and 4 i s  l i k e l y  t o  t a k e  p l a c e .  It, 
depends on whether  t h e r e  i s  a con t i nuous  i n c r e a s e  i n  l ong -d i s t anc e  
commuting from Southwest  sk%ne t o  t h e  rest o f  Malmohus coun ty  and 
from Northwest  Sksne t o  K r i s t i a n s t a d  coun ty .  The r a p i d l y  r i s i n g  
t r a n s p o r t a t i o n  c o s t s  might  make t h e  l o c a t i o n  o f  r e s i d e n t i a l  a r e a s  
a t  g r e a t  d i s t a n c e s  from workplaces  i n f e a s i b l e ,  as was t h e  c a s e  
from 1960 t o  1980. 
4 . 5 .  Yore A d u l t s  But Fewer C h i ld r en  
The age  s t r u c t u r e  o f  t h e  p o p u l a t i o n  (Tab le  11) d i f f e r s  
l i t t l e  between t h e  a l t e r n a t i v e s ,  a t  l e a s t  i n  t h e  s h o r t  r un .  I n  
t h e  l o n g e r  t e r m  t h e  d i f f e r e n t  m i g r a t i o n  p a t t e r n s  w i l l  i n f l u e n c e  
t h e  age  compos i t ion  markedly.  
There  i s  a  c l e a r  t endency  t h a t  t h e  number of  young pe r sons  
w i l l  d e c r e a s e  up t o  t h e  t u r n  o f  t h e  c e n t u r y .  On t h e  o t h e r  hand 
it i s  l i k e l y  t h a t  t h e  number of  pe r sons  of  p r o d u c t i v e  ages  w i l l  
i n c r e a s e  l e a d i n g  t o  a  growing l a b o r  supp ly .  The p r o d u c t i v e  age  
a Kristianstad county 
Scen. 
1 
+47 +36 
Southwest Rest of Malmohus 
~ k i n e  county 
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Figure 10. Population changes in ~ k h e  (in 1,000s) . 
Table 10. A comparison of the projections over the long term. 
Year population (in 1,000s) 
 kine Kristianstad ~alnohus SSK 
county county 
Scenario 1 1989 
1999 
Scenario 2 1989 
1999 
Scenario 3 1989 
1999 
Scenario 4 1989 
1999 
Population 
in 1,000s 
Population 
in 1,000s 
m-1 Malmijhus count 
Population 
in 1,000s 
3004 
Kristianstad 
county 
Figure  1 1 . Popula t ion  o f  ~ k s n e ,  1970-2000 : development 
accord ing  t o  d i f f e r e n t  a l t e r n a t i v e s .  
Table 1 1 .  Age-group composit ion,  1980-2000, accord ing  t o  
Scena r io  4 .  
SSK R e s t  o f  The n a t i o n  
~ k g n e  
Age g roup  
s u e  size size 
POP POP. POP. 
% of % of  % of  Pop. Pop. Pop. t o t a l  t o t a l  t o t a l  
0-19 y e a r s  1980 
1990 
2000 
20-64 y e a r s  1980 
1990 
2000 
65+ y e a r s  1980  
1990 
2000 
T o t a l  1980 
p o p u l a t i o n  1 9  90 
2000 
group w i l l  remain c o n s t a n t  on ly  i f  t h e r e  is  l a r g e  emigra t ion  
( a s  i n  Scenar io  2)  . 
The number of o l d  persons ,  aged 65 y e a r s  or  more, w i . 1 1  
i n c r e a s e  du r ing  t h e  1980s. The growth w i l l  t a k e  p l a c e  i n  t h e  
h ighe r  age groups,  and t h i s  w i l l  i n c r e a s e  t h e  demand f o r  w e l f a r e  
s e r v i c e s  f o r  t h e  e l d e r l y .  There a r e  c u r r e n t l y  525,000 persons  
over  75 y e a r s  of age. The number w i l l  i n c r e a s e  t o  650,000 i n  
1930 and t o  670,000 i n  t h e  year  2000. The number of pensi .oners  
aged 65-75 y e a r s  may be expected t o  remain c o n s t a n t  a t  around 
820,000 persons  i n  1990 and then  t o  f a l l  t o  approximately  
705,000 a t  t h e  t u r n  of t h e  cen tu ry .  
Tcday Southwest ~ k s n e  has  approximately  t h e  same age compo- 
s i t i o n  a s  t h e  n a t i o n a l  average.  The number of persons  i n  t h e  
age groups between 20-64 y e a r s  i s  somewhat above t h e  n a t i o n a l  
average,  wh i l e  t h e  p ropor t ion  of young people  and t h e  p ropor t ion  
of pens ioners  i s  somewhat below t h a t  average.  
The age structure will develop along with the nqtional 
average during the period 1980-2000. The tendency towards an 
aging population is clear, especially in Scenarios 3 and 4 
(Figure 12). If the present net outmigration from Southwest 
 kine continues, the 2roportion of young persons will diminish 
more rapidly than at the national level. The proportion of 
pensioners, on the other hand, will grow more rapidly so that it 
will exceed that of the national average in twenty years from 
now. 
5. LABOR-SUPPLY CALCULATIONS 
5.1. General Comments 
The calculations of the .future development of the regional 
population reported here are based on the assumption that certain 
influences will not change. They show what would happen if the 
historical development of four 2-year periods were to continue 
their course in an otherwise unchanging environment. The most 
essential external influence is probably labor demand. If the 
labor supply and demand do not balance, in the long run various 
adaptive mechanisms become operative. Either the demand or the 
supply, or both, will be subjected to modification. The opera- 
tion might include directing the development of ~kzne on a 
course that is different from any of those indicated by our 
scenarios. 
The matching of labor supply with labor demand, or vice 
versa, may be described as follows. Basically, labor demand 
manifests itself as a need for the factor 'labor' in the manu- 
facturing production process and in private and public service 
production. Usually, the demand is measured by the working 
hours required in each sector. Work must obviously be carried 
out at existing workplaces. Demand is then compared with supply. 
The labor force may be characterized in various ways, for ex- 
ample with regard to domicile, occupation, education, and age. 
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Figure 12. Age composition, 1980-2000: development according 
to Scenario 4. 
The matching of  demand w i th  supp ly  ( o r  supp ly  w i t h  demand) 
can  t a k e  p l a c e  i n  many d i f f e r e n t  ways: 
1 ~ c c o r d i n g  t o :  I 
311GRATION 
E n t r y  i n t o  o r  wi th-  
d rawal  from l a b o r  
marke t ,  change o f  
o c c u p a t i o n ,  unemploy- 
ment ,  commuting, 
change i n  working 
h o u r s ,  etc.  
I 
- workplace 
SUPPLY I 
l o c a t i o n  
- s e c t o r  
- o c c u p a t i o n a l  
p r o f i c i e n c y  , 
etc.  
* 
These a d a p t i v e  mechanisms have v a r i o u s  a s s o c i a t e d  c o s t s  f o r  
f i r m s  and i n d i v i d u a l s  a s  w e l l  a s  f o r  t h e  p u b l i c  s e c t o r .  The 
l e v e l  of  t h e  c o s t  n a t u r a l l y  i n f l u e n c e s  t h e  f requency  and e f f i -  
c i e n c y  o f  t h e  p a r t i c u l a r  t ype  of  m o d i f i c a t i o n .  Commuting, f o r  
example, a l l o w s  t h e  i n d i v i d u a l  t o  r e t a i n  h i s / h e r  p l a c e  o f  resi- 
dence o r  work a t  t h e  c o s t  o f  spend ing  more t i m e  and/or  money on 
t r a n s p o r t a t i o n .  A t  t h e  o t h e r  end o f  t h e  s c a l e ,  moving f o r  t h e  
i n d i v i d u a l  o r  t h e  household  b r i n g s  abou t  h igh  immediate c o s t s ,  
which, however, might  be  outweighed by a  b e t t e r  chance  t o  e a r n  
a  h i g h e r  wage i n  t h e  l o n g  run .  According t o  n e o c l a s s i c a l  econo- 
m i c  t h e o r y ,  wage d i f f e r e n c e s  a r e  one o f  t h e  main arguments f o r  
l a b o r - f o r c e  moves from one l o c a l  l a b o r  market  t o  a n o t h e r .  Adapta- 
t i o n  by means o f  a  s h o r t e r  working day,  s h i f t  work, pa r t - t ime  o r  
o v e r t i m e  work a r e  o t h e r  impor t an t  mechanisms. For  example, an  
i n c r e a s e  i n  p a r t - t i m e  work i n c r e a s e s  t o t a l  employment more t h a n  
t h e  e q u i v a l e n t  i n c r e a s e  i n  f u l l - t i m e  work, a t  a  g iven  l a b o r  
demand measured a s  i n d i c a t e d  above. S ince  f i r m s  and a d m i n i s t r a -  
t i o n s ,  because  o f  t h e  r a i s e d  l e v e l  o f  e d u c a t i o n ,  ' a n t i - d i s m i s s a l  
l a w s ' ,  e t c .  have begun t o  r e g a r d  l a b o r  a s  a  c a p a c i t y  v a r i a b l e  
s i m i l a r  t o  c a p i t a l ,  unemployment h a s  t o  some e x t e n t  l o s t  i t s  
r o l e  a s  t h e  most i m p o r t a n t  i n d i c a t o r  o f  s t r u c t u r a l  imbalance  i n  
t h e  l a b o r  market .  Recent  economic developments have shown t h a t  
e n t r i e s  i n t o  and wi thdrawals  from t h e  l a b o r  m a r k e t  have t o  some 
degree  t a ken  o v e r  t h e  r o l e  o f  r e g i s t e r e d  unemployment. T h i s  new 
sys tem c o n t a i n s :  
CI 
* 
-- r e g u l a r  programs o f  f u r t h e r  o c c u p a t i o n a l  t r a i n i n g  
(such a s  t h o s e  run  by t h e  Swedish Labor Market Boa rd ) ;  
According t o  : 
- hous ing  l o c a t i o n  
- age  
- s e x  
- e d u c a t i o n  
- o c c u p a t i o n ,  
e tc .  
-- s p e c i a l  measures t o  f a c i l i t a t e  t h e  e n t r y  i n t o  t h e  
l a b o r  market f o r  t h e  young; and 
-- e a r l y  r e t i r e m e n t .  
Even i f  t h e  educa t ion  v a r i a b l e  f o r  t h e  l a b o r  f o r c e  a l r e a d y  
on t h e  market i s  formal ly  c o n s t a n t ,  a c o n s i d e r a b l e  number of  
changes i n  occupa t ion  do occur  i n  t h e  cou r se  of  t i m e .  The changes 
might be caused by career-making, t h e  expansion o f  c e r t a i n  t a s k s  
i n  i n d u s t r y  o r  a d m i n i s t r a t i o n  ( i . e .  an  e f f e c t  o f  demand), o r  t h e  
s t a g n a t i o n  of  c e r t a i n  occupa t ions .  Even i n  an expanding market ,  
t h e  compet i t ion  a s p e c t  i s  e s s e n t i a l  when e s t i m a t i n g  t h e  e x t e n t  of 
changes i n  occupa t ion .  
To d e p i c t  i n  a  c r e d i b l e  way t h e  probable  outcome o f  s t r u c -  
t u r a l  imbalance i n  t h e  l a b o r  market,  one would have t o  d i s c u s s  
t h e  r e l a t i v e  weight  o f  each  o f  t h e  a d a p t i v e  mechanisms. An 
accepted  method f o r  p r a c t i c a l  purposes i s  t o  c a l c u l a t e  from t h e  
g r o s s  l a b o r  supply ,  t h e  supply of hours-of-work a v a i l a b l e  t o  t h e  
market ( f o r  example du r ing  one y e a r ) ,  a f t e r  having made exogenous 
assumptions on working hours ,  absen tee i sm,  e t c .  
Another method i s  t o  r e v e r s e  t h e  p roces s  and c a l c u l a t e  
from t h e  l a b o r  demand, as measured by r e q u i r e d  working hours  
i n  t h e  t o t a l  economy d u r i n g  one y e a r ,  t h e  number o f  persons  
l i k e l y  t o  be r e q u i r e d  f o r  accomplishing t h e  work. This  method 
i s  n a t u r a l l y  supplemented by a demographically o r i e n t e d  age- 
and s e x - s p e c i f i c  a n a l y s i s  of  t h e  h i s t o r i c a l  p a r t i c i p a t i o n  r a t e s  
among t h e  a c t i v e  popu la t ion .  A f t e r  t h e s e  p re l imina ry  c a l c u l a -  
t i o n s ,  t h e  homogeneous l a b o r  supply ( t h e  above c a l c u l a t i o n s  
determine t h e  t o t a l  p a r t i c i p a t i o n  r a t e )  i s  measured a g a i n s t  t h e  
l a b o r  demand o f  each s e c t o r ;  bo th  a r e  measured by number of per-  
sons--in p r inc ip le ,man-years .  Thus, mig ra t ion ,  commuting, and 
unemployment changes become mechanisms by which supply and demand 
a r e  balanced.  Below, w e  r e p o r t  on c a l c u l a t i o n s  o f  t h e  e f f e c t i v e  
l a b o r  supply i n   kine, based upon in format ion  on p a r t i c i p a t i o n  
r a t e s  and working hours .  The c a l c u l a t i o n s  r e s u l t  from va r ious  
a p p l i c a t i o n s  of  t h e  model. These c a l c u l a t i o n s  complete t h e  
d e s c r i p t i o n  o f  some p o s s i b l e  s c e n a r i o s  f o r  t h e  demographic devel-  
opment i n  ~ k s n e .  
5.2. Results 
This section describes the national labor supply indicated 
by the four scenarios (Table 12 and Figure 13). The estimates 
are based upon the already accounted-for population projections 
and also on assumptions of the future participation rates in 
each county. The assumed participation rates were sup~lied in 
1980 by the 24 county boards through the  me& Computer 
Center. The participation rates vary from county to county and 
reflect the way in which each county board judges the local 
situation. 
Table 12. Labor supply in Sweden, part-time and full-time 
labor (in 1,000s). 
Year 
Labor supply 
2 3 
Scen. 1 
jjn 1 
- Scen. 2 
I I I I 1 
1980 1986 1990 1% &, Year 
Figure 13. Labor supply in Sweden: number of persons working 
part-time or full-time. 
The labor s u p p l y  i n c r e a s e s  a c c o r d i n g  t o  a l l  s c e n a r i o s ,  even 
t o  S c e n a r i o  2 i n  which a d e c l i n i n g  p o p u l a t i o n  i s  i n d i c a t e d .  The 
r e a s o n  i s  t h a t  t h e  coun ty  b o a r d s  b e l i e v e  female  p a r t i c i p a t i o n  
rates w i l l  rise. S c e n a r i o s  3 and 4 i n d i c a t e  a n  i n c r e a s e  i n  t h e  
l a b o r  s u p p l y  by some 7 p e r c e n t  i n  t h e  1980s and some 5 p e r c e n t  i n  
t h e  1990s. T h i s  would mean a n e t  a d d i t i o n  o f  25,000 'wage e a r n e r s '  
p e r  y e a r  f o r  t h e  n a t i o n .  The s i t u a t i o n  o f  e a c h  coun ty  i s  shown i n  
T a b l e  13 and F i g u r e  14. 
S c e n a r i o  1 i s  g e o g r a p h i c a l l y  homogeneous. The s u p p l y  of l a b o r  
d e c r e a s e s  i n  a l l  o f  t h e  Nor r l and  c o u n t i e s .  I n  Got land  it i n c r e a s e s  
s l i g h t l y  (less t h a n  5 p e r c e n t  up t o  1 9 9 0 ) ,  w h i l e  t h e r e  i s  a l m o s t  no 
Table  13. The l a b o r  s u p p l y  a c c o r d i n g  t o  d i f f e r e n t  s c e n a r i o s :  
p a r t i c i p a t i o n  r a t e s  a c c o r d i n g  t o  f o r e c a s t s  o f  t h e  
coun ty  b o a r d s ,  1980 ( i n  1 , 0 0 0 s ) .  
Change 1980-1589 Change 1990- 
1999 
County 1979 S c e n . 1  Scen.  2 Scen. 3 Scen. 4 Scen. 4 
A 8  Stockholm 790 105 - 10 74 62 41 
C Llppsola 113 14 13 19 19 17 
D Siidennmland 118 9 2 7 7 2 
0 Cbg, Bohus 537 32 -1 5 11 10 6 
P hlvsborg 202 26 19 18 16 9 
R Skoraborg 126 7 10 13 13 12 
W Kopparberg 129 - 4 2 11 8 6 
X Cavlcborg 132 - 3 -3 5 4 6 
Y Viisternorrlmd 120 - 5 2 6 4 1 
2 J ih t lmd  59 - 5 4 6 6 3 
AC Viisterbottm 110 - 3 3 11 11 8 
BD Norrbotten 118 - 7 8 11 6 4 
TOTAL -5,955 330 96 299 261 162 

change i n   arml land. I n  a l l  o t h e r  s o u t h e r n  and c e n t r a l  c o u n t i e s  it 
i n c r e a s e s  c o n s i d e r a b l y  (more t h a n  5 p e r c e n t ) .  
The S c e n a r i o  2 p r o j e c t i o n  d e p i c t s  a r e g i o n a l l y  s p l i t  a l t e r n a -  
t i v e .  The l a b o r  s u p p l y  i s  e x p e c t e d  t o  d e c r e a s e  i n  t h e  Stockholm 
and Gothenburg-Bohus c o u n t i e s ,  b u t  a l s o  i n  6 r e b r o  and Gavleborg.  
A l l  o t h e r  c o u n t i e s  i n c r e a s e .  
S c e n a r i o s  3 and  4 r e s u l t  i n  almost i d e n t i c a l  p r o j e c t i o n s  
and  c a n  b e  j o i n e d  t o  form one  s c e n a r i o ,  which i n d i c a t e s  l a b o r -  
s u p p l y  growth i n  a l l  c o u n t i e s .  The m a j o r i t y  i n c r e a s e  by more 
t h a n  5 p e r c e n t  i n  t h e  1980s,  b u t  Gothenburg-Bohus, Malmohus, 
B lek inge ,  K a l m a r ,  Jonkoping,  Vastmanland, Gavleborg ,  and V a s t e r -  
n o r r l a n d  be long  t o  t h e  modera te ly  growing c a t e g o r y  (less t h a n  5 
p e r c e n t )  . 
Table  14 g i v e s  a n  i m p r e s s i o n  o f  t h e  l a b o r  s u p p l y  i n  ~ k 8 n e  
based  on  t h e  r e s u l t s  o f  t h e  s c e n a r i o s .  The f i r s t  s c e n a r i o  i n d i -  
cates a n  a d d i t i o n  o f  some 60,000 wage e a r n e r s  i n  t h e  1980s.  The 
m a j o r i t y  go  t o  Southwest  ~ k 8 n e .  The t h r e e  o t h e r  s c e n a r i o s  f o r e -  
see a p p r o x i m a t e l y  25,000-30,000 new labor -marke t  p a r t i c i p a n t s  i n  
~ k k h e .  The d i s t r i b u t i o n  among t h e  c o u n t i e s  is  f a i r l y  even,  i f  
measured by t h e  number o f  p e r s o n s .  R e l a t i v e  t o  t h e  t o t a l  popula-  
t i o n  o f  Southwest  ~ k s n e ,  growth t h e r e  is  modest  and  smaller t h a n  
i n  t h e  o t h e r  r e g i o n s .  
Tab le  14. Shor t - t e rm l a b o r - s u p p l y  development  a c c o r d i n g  t o  t h e  
f o u r  s c e n a r i o s ,  1980-1989 ( i n  1 , 0 0 0 s ) .  
The rest K r i s t i a n -  
o f  Malmohus s t a d  ~ k % n e  SSK 
coun ty  c o u n t y  t o t a l  
T o t a l  l a b o r  s u p p l y  226 
i n  1980 
Changes 1980-1989: 
S c e n a r i o  1 39 12 9 60 
S c e n a r i o  2 10 8 8 26 
S c e n a r i o  3 9 6 12 27 
S c e n a r i o  4 8 9 12 29 
6 .  WHY D I D  WE CHOOSE THESE FOUR ALTERNATIVES? 
Our purpose  w a s  t o  d e p i c t  a l t e r n a t i v e  s c e n a r i o s  f o r  r e g i o n a l  
demographic development  i n  Sweden. The b a s i c  d a t a  f o r  t h e  p r o j e c -  
t i o n s  w e r e  o b t a i n e d  from development courses r e g i s t e r e d  d u r i n g  
t h e  p a s t  15 y e a r s ,  from which w e  chose  f o u r  i n t e r e s t i n g  p e r i o d s :  
1968-1969, 1972-1973, 1976-1977, and 1978-1979. These p e r i o d s  
d i f f e r  w i t h  r e g a r d  t o  economic growth,  i n v e s t m e n t s ,  l a b o r  demand, 
h o u s i n g  c o n s t r u c t i o n ,  etc.  These f o u r  economic s i t u a t i o n s  r e s u l t  
i n  f o u r  d i f f e r e n t  p a t t e r n s  o f  i n t e r n a l  m i g r a t i o n  and i n  v a r y i n g  
levels o f  e x t e r n a l  m i g r a t i o n .  
APPENDIX A: REGIONAL STABLE POPULATION MODELS 
The s t a b l e  p o p u l a t i o n  t h e o r y  was i n t r o d u c e d  i n  a  pape r  by 
Lotka ( 1907) . I n  t h i s  p-aper, Lotka showed what would happen i n  
t h e  l ong  run  t o  a  p o p u l a t i o n  c l o s e d  t o  e x t e r n a l  m i g r a t i o n  and 
w i t h  c o n s t a n t  m o r t a l i t y  and f e r t i l i t y .  H e  demons t ra ted  t h a t ,  
g i v e n  t h e s e  c o n d i t i o n s ,  c o n s t a n t  growth and a  s t a b l e  age  d i s t r i -  
b u t i o n  would r e s u l t .  Fur thermore ,  t h e  f i n a l  age  d i s t r i b u t i o n  
would be de te rmined  by m o r t a l i t y  and f e r t i l i t y  a l o n e ;  hence ,  
it would be independen t  o f  t h e  o r i g i n a l  age  d i s t r i b u t i o n .  The 
s t a b l e  p o p u l a t i o n  model i s  based  on t h e  f o l l o w i n g  b a s i c  assump- 
t i o n s  : 
1 .  The p o p u l a t i o n  i s  c l o s e d ;  i . e .  no e x t e r n a l  m i g r a t i o n  
o c c u r s .  
2 .  The demographic p r o c e s s  deve lops  i ndependen t l y  f o r  
men and women. 
3 .  There  e x i s t s  a  p r o b a b i l i t y  p ( a )  t h a t  a  new-born g i r l  
s u r v i v e s  u n t i l  age  a .  p ( a )  i s  a  con t i nuous  f u n c t i o n  
o f  age  a ;  independen t  o f  t ime  t; and p o s i t i v e  w i t h i n  
t h e  age  i n t e r v a l  0 I a I w. 
4 .  There e x i s t s  a  p r o b a b i l i t y  m(a)C.a t h a t  a  new-born 
g i r l ,  who i s  a l i v e  a t  age  a ,  w i l l  g i v e  b i r t h  t o  a 
female  c h i l d  w i t h i n  t h e  age  i n t e r v a l  a ,  a  + Aa. 
m ( a )  i s  a  con t i nuous  f u n c t i o n  o f  age  a ;  independen t  
o f  t i m e  t; and p o s i t i v e  f o r  a l l  age s  w i t h i n  t h e  c l o s e d  
i n t e r v a l  0  5 a 5  a 5  f3<w and z e r o  o u t s i d e  t h e  i n t e r v a l .  
Func t i ons  3 and 4 a r e  normal ly  combined t o  form t h e  n e t  
m a t e r n i t y  f u n c t i o n  6 ( a )  . 
The a n a l y s i s  b e g i n s  a t  an  a r b i t r a r y  t ime (t  = 0 ) .  The num- 
ber o f  b i r t h s  t y e a r s  l a t e r  B ( t )  can  be d i v i d e d  i n t o  two p a r t s :  
-- t h o s e  born  t o  women a l i v e  a t  t ime  t = 0 ,  G ( t )  ; 
-- t h o s e  born  t o  women who themselves  w e r e  bo rn  a f t e r  
t i m e  0: 
The s o l u t i o n  t o  t h i s  e q u a t i o n  i n d i c a t e s  t h a t  t h e  number of b i r t h s  
a t  each t ime i n t e r v a l  p l a y s  an  impor tan t  r o l e  i n  t h e  s t a b l e  popu- 
l a t i o n  t heo ry .  
A common method of  s o l v i n g  t h e  i n t e g r a l  e q u a t i o n  i s  t o  spe- 
c i f y  a p a r t i c u l a r  s o l u t i o n  o f  t h e  type :  
~ ( t )  = ert f o r  t < B . 
A f t e r  r e d u c t i o n ,  t h e  s u b s t i t u t i o n  i n t o  ( 1 )  g i v e s :  
1 = J e-ra$ (a)  da  , 
s i n c e  t 5 8, ert > 0 and &(a )  d i s a p p e a r  o u t s i d e  t h e  i n t e r v a l  
[a,B1 . 
Equation ( 3 )  i s  u s u a l l y  cons ide red  t o  be  t h e  fundamental  
e q u a t i o n  of  t h e  s t a b l e  popu la t i on  t heo ry .  There are many ways, 
bo th  a n a l y t i c a l  and numer ica l ,  i n  which it can  be  so lved .  The 
a n a l y t i c a l  type  of  method i s  based upon i n s e r t i n g  a  s p e c i f i c  
f u n c t i o n  f o r  & ( a ) ,  f o r  example a normal d i s t r i b u t i o n  o r  a  type-111 
d i s t r i b u t i o n .  For a  numerical  s o l u t i o n ,  t h e  i n t e g r a l  i s  sub- 
s t i t u t e d  by a d i s c r e t e  sum. The e q u a t i o n  h a s  an  i n f i n i t e  number 
o f  s o l u t i o n s  ri o f  which t h e  f i r s t ,  r l ,  i s  dominant and real .  
I t  a l s o  i n d i c a t e s  t h e  popu la t i on  growth a f t e r  s t a b i l i t y  ha s  been 
reached.  
I n  t h e  e a r l y  1940s a d i s c r e t e  model o f  t h e  Lotka type  was 
formulated by B e r n a d e l l i  (194 1 )  . This  model was f u r t h e r  developed 
by L e s l i e  (1945) and t h e  two American demographers Nathan Keyf i t z  
and Ansley Coale worked w i t h  t h i s  model fo rmula t ion  d u r i n g  t h e  
1960s and 1970s. 
Le t  P (t) be a popu la t i on  d i s t r i b u t i o n  a t  t i m e  t and M ( t )  
a m a t r i x  c o n t a i n i n g  s u r v i v a l  and f e r t i l i t y  r a t e s ,  sometimes c a l l e d  
t h e  L e s l i e  ma t r ix .  A t  t h i s  p o i n t ,  t h e  a n a l y s i s  can  be  focused on 
t h e  c h a r a c t e r i s t i c s  o f  m a t r i x  M. W e  t hen  have t h e  fo l l owing  
r e l a t i o n :  
I f  M ( t )  i s  independent of  t ,  we o b t a i n  t h e  s impler  r e l a t i o n :  
To f i n d  t h e  c h a r a c t e r i s t i c s  of M,we have t o  so lve  t h e  l i n e a r  
equat ion system: 
o r  the  eigenvalue problem: 
[M - X I ]  = 0 . 
The parameters X and r i n  ( 3 )  a r e  r e l a t e d  a s  fol lows:  
The o r i g i n a l  model was formulated f o r  one popula t ion ,  which 
was c losed  t o  e x t e r n a l  migrat ion.  Recently,  an analogous model 
formulation f o r  a  mul t i r eg iona l  system has  been developed, 
mainly by Andrei Rogers of t h e  Human Set t lements  and Serv ices  
Area a t  IIASA. The s t a r t i n g  p o i n t  has been the  d i s c r e t e  formu- 
l a t i o n  descr ibed  above. 
The genera l  express ion  of t h e  mul t i r eg iona l  growth process  
is: 
where K i s  t h e  age and reg iona l  d i s t r i b u t i o n  of t h e  populat ion a t  
time t , a n d  G i s  t h e  mul t i r eg iona l  mat r ix  growth ope ra to r  o r  t h e  
genera l ized  L e s l i e  mat r ix .  The vec to r  K, and hence t h e  matr ix  G ,  
can be given two a l t e r n a t i v e  formulat ions,  bu t  w e  w i l l  desc r ibe  
one only.  
I f  we adopt  f ive-year  age groups and f ive -yea r  p r o j e c t i o n  
t i n t e r v a l s ,  t h e  v e c t o r  K can be d iv ided  i n t o  t h e  subvec to r s  K ( 0 )  , 
t K 5 . These g ive  t h e  r e g i o n a l  d i s t r i b u t i o n  o f  each f ive-year  
age group. The growth m a t r i x  G must be  formulated as fo l lows:  
The m a t r i x  G t h u s  c o n t a i n s  a number o f  submat r ices ,  each  
r e p r e s e n t i n g  t h e  r e g i o n a l  mig ra t ion  and s u r v i v a l  r a t e s  o f  a  
given age group. A s  an example w e  chose a  system c o n s i s t i n g  o f  
two reg ions .  W e  t hen  g e t  t h e  fo l lowing  s u r v i v a l  r a t e s  f o r  an 
a r b i t r a r y  age x: 
where sij  (x )  is  t h e  p ropor t ion  of x- t o  (x + 4 )  -year-old r e s i d e n t s  
of  r eg ion  i who a r e  a l i v e  among ( x  + 5 ) -  t o  ( x  + 9)-year -o lds  
i n  r eg ion  j  a t  t ime t + 5 .  
We o b t a i n  an e s t i m a t e  of  S ( x )  from t h e  fo l lowing  exp res s ion :  
where P ( x )  a r e  p r o b a b i l i t i e s  o f  s u r v i v a l .  For t h e  second l a s t  age 
group, we o b t a i n  a  s l i g h t l y  d i f f e r e n t  exp res s ion :  
where M i s  a  mat r ix  of age-spec i f ic  r a t i o .  
The f i r s t  row of G i s  composed of  submatr ices  B(x)  : 
where b i j  (x )  i s  t h e  number of c h i l d r e n  born dur ing  t h e  p r o j e c t i o n  
i n t e r v a l  and a l i v e  i n  reg ion  j a t  t h e  end of  t h a t  i n t e r v a l ,  per  
x- t o  ( x  + 4)-year-old r e s i d e n t s  o f  r eg ion  i a t  t h e  beginning 
of t h a t  i n t e r v a l .  
The fol lowing express ion  provides  an e s t i m a t i o n  of  B: 
where F (x )  i s  a  mat r ix  o f  f e r t i l i t y  r a t e s .  
The d a t a  used f o r  model a p p l i c a t i o n s  a r e  an observed popu- 
l a t i o n  a t  a  c e r t a i n  t i m e  a s  d i s t r i b u t e d  among reg ions  and age 
groups, p l u s  observed age-spec i f ic  m o r t a l i t y ,  f e r t i l i t y ,  and out-  
migrat ion r a t e s  s p e c i f i e d  i n  t h e  same way. 
Mor ta l i t y  and outmigra t ion  p r o b a b i l i t i e s  a r e  computed from 
observed age - spec i f i c  r a t e s .  I f  mu l t ip l e  t r a n s i t i o n s  a r e  al lowed, 
t h e  p r o b a b i l i t i e s  may be e s t ima ted  i n  t h e  fol lowing way: 
(14)  M(x) = 
- - 
m 1 6  ( x ) + C m l j ( x )  -m21(x) . . . . . - s l ( x )  
j f l  
-ml ( X I  m 26  ( x ) + L m  ( X I  -mn2(x) 
j+2 
-m ( X I  In -m2n(x) . . . . . fmn 6 ( X I +  1 mnj  ( X I  I 
n f j  
- 
- 
where mi6(x) i s  t h e  a g e - s p e c i f i c  m o r t a l i t y  r a t e  o f  r eg ion  i, and 
m (x )  i s  t h e  age - spec i f i c  ou tmigra t ion  r a t e  from reg ion  i t o  j  i 
r eg ion  j .  The p r o b a b i l i t y  m a t r i x  P ( x )  i s  t hen  t h e  r e s u l t  o f :  
For o u r  two-region model w e  o b t a i n :  
where p  (x )  i s  t h e  p r o b a b i l i t y  t h a t  a  c e r t a i n  i n d i v i d u a l  i n  i j  
r eg ion  i a t  t h e  e x a c t  age x  w i l l  su rv ive  and w i l l  be i n  r eg ion  j 
f i v e  y e a r s  l a t e r .  The o f f -d i agona l  e lements  a r e  t r a n s i t i o n  
p r o b a b i l i t i e s  analogous t o  t hose  i n  1,Iarkov theo ry .  The d i agona l  
e lements  p i i (x )  denote  t h e  p r o b a b i l i t i e s  o f  s u r v i v a l  and of remain- 
i n g  i n  r eg ion  i. The e lements  of  each column do n o t  add up t o  1 ,  
s i n c e  t h e  e f f e c t  of  m o r t a l i t y  i s  cons ide red .  Hence, P (x)  is  
analogous t o  t h e  t r a n s i t i o n  m a t r i x  i n  an absorb ing  Markov cha in .  
APPENDIX B: MODEL APPLICATIONS 
The o r i g i n a l  IIASA model was designed f o r  a  r e g i o n a l  system 
c o n s i s t i n g  o f  a  maximum of  1 2  r e g i o n s .  The model was extended 
f o r  use on Swedish d a t a .  Twenty-six r eg ions  have been used f o r  
t h e  computations r e p o r t e d  i n  t h i s  paper .  These a r e  t h e  2 4  coun- 
t i e s ,  t oge the r  wi th  ~ a l m o h u s  county d iv ided  i n t o  Southwest  kine 
and ' t h e  r e s t ' ,  p l u s  ' o t h e r  n a t i o n s ' .  
The i n t r o d u c t i o n  o f  a  r eg ion  c o n s i s t i n g  of a l l  f o r e i g n  n a t i o n s  
na t ions .means  t h a t  t h e  model i s  no longe r  c lo sed .  Therefore ,  con- 
c l u s i o n s  v a l i d  f o r  t h e  r e g i o n a l  s t a b l e  popu la t ion  model have i n  
t h i s  c a s e  approximate v a l i d i t y  on ly .  
For  t h e  c a l c u l a t i o n s ,  t h e  popu la t ion  has  been d i v i d e d  i n t o  
18 f ive -yea r  age groups.  The l a s t  age group inc ludes  a l l  ages  
over  84. The popu la t ion  p r o j e c t i o n  has  been based on formula 
(7 )  . The v e c t o r  K c o n t a i n s  18 subvec to r s  wi th  26 e lements  each.  
The ma t r ix  M c o n t a i n s  17 submat r ices  of  t ype  S  (each 26 by 2 6 ) ,  
8  submatr ices  of  type  B ( a l s o  26 by 2 6 ) .  
P r o j e c t i o n  of  t h e  popula t ion  accord ing  t o  (7 )  means, i n  
r e a l i t y ,  c a l c u l a t i o n  by t h e  component method, which i s  t h e  u sua l  
method f o r  popu la t ion  p r o j e c t i o n s .  I f  t h e  p r o j e c t i o n s  a r e  c a r r i e d  
very f a r  i n t o  t h e  f u t u r e  a  s t a b l e  d i s t r i b u t i o n  of t h e  popu la t ion  
among r eg ions  and ages  w i l l  evo lve .  The s o l u t i o n  t o  t h e  e igenva lue  
problem (5b) g i v e s  t h e  growth r a t e  of  t h i s  popu la t ion .  The per -  
t a i n i n g  e igenvec to r  g i v e s  t h e  s t a b l e  popu la t ion  d i s t r i b u t i o n .  
I n  t h e  numerical  c a l c u l a t i o n s  a  s e q u e n t i a l  p r o j e c t i o n  o f  t h e  
popula t ion  was used.  I n  p r i n c i p l e ,  t h a t  impl ied  t h e  use  of t h e  
so-ca l led  power method f o r  s o l v i n g  e igenva lue  problems. By sequen- 
t i a l  p r o j e c t i o n s ,  w e  w i l l  s u c c e s s i v e l y  quadruple  m a t r i x  G. A f t e r  
n  s t e p s  w e  o b t a i n  t h e  r e l a t i o n :  
2n+1 i s  an e lement  of G 2n+ 1  where ( g l l )  and ( g l  2n i s  an e lement  
of G Z n .  When n  grows, A (n)  w i l l  approach t h e  t r u e  e igenva lue .  
C a l c u l a t i o n s  t e rmina t e  when: 
-7 
where E = 10 . 
The e i g e n v e c t o r  p e r t a i n i n g  t o  each e igenva lue  A i s  propor-  
t i o n a l  t o  each row of  Gk f o r  l a r g e  va lues  of  k .  I n  t h e  computa- 
t i o n s  t h e  f i r s t  row o f  Gk has  been assumed t o  be t h e  e i g e n v e c t o r ,  
normed t o  add up t o  1 .  
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